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[57] ABSTRACT

Methods for using novel quaternary pyridinium conupounds
in inhibiting acetylcholinesterase in mammals, specifically
wsing the quaternary pyridinium compounds in the prophy-
laxis and treatment of organophosphate poisoning and mam.-
malian dementia by mimicking or opposing the actions of
the natural neurctransmitter acetylcholine.
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1
PYRIDINIUM COMPOUNDS

STATEMENT OF GOVERNMENT INTEREST

This invention was made with Government support under
Contract No. DAMD17-85-C-5143 was awarded by the U.S. ~
Army Medical Research and Development Command. The
Government has certain rights in the invention.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a novel class of quaternary
pyridinizm compounds useful for selectively inhibiting ace-
tylcholinesterase (AChE) and to their use as nerve agent
antidotes and prophylactics. We have found that certain
quaternary pyridinium derivatives can offer in vivo protec-
tion against the nerve agents Soman (GD) and Tabun (GA)
and therefore they can also offer protection against other
organophosphate poisons. We have also found that certain
quaternary pyridintum derivatives can effectively increase 0
the rate of survival of experimnental animals exposed to the
nerve agents Gl and GA and therefore they can also serve
as antidotes against other organophosphate poisons. All of
the active pyridinium compounds are good AChE inhibitors
in vitro and therefore they can also be used to treat condi-
tions where a cholinergic deficit leadiing to pathclogy can be
ameliorated by administration of an anticholinesterase
agent. All of the pyridinium compounds described herein
can have additional beneficial effects in living organisms by
virtiie of their resemblance to the natural neurotransmitter
acetylcholine and their ability to act on cholinergic recep-
tors. We have also found that the pyridinium compounds can
be used to treat Alzheimer’s disease (senile dementiz),
presenile dementia of the Alzheimer’s type, Korsakoff’s
syndrome (psychosis), age-related memory impairment,
multi-infarct dementia, Parkinsonian dementia, Down’s
syndrome, and postraumatic dementia (dementia
pugilistica).

2. Description of the Related Art |

Development of an effective antidote to organophospho-
s (OF) nerve agents has been a goal of medicinal cherists
since the developrnent of Tabun in Germany in 1937. OP
agents react covalently with the active site serine hydroxyl
group of acetylcholinesterase (AChE) to form a stable
phosphonyl ester which requites up to 30 days for hydrolysis
(Main, A. R. In Biology of Cholinergic Function; Goldberg,
A. M., Hanin, L, Eds.; Raven Press: New York, 1976; pp.
209353, incorporated herein by reference). Excess acetyl-
choline accumulates and causes severe neurological
imbalance, respiratory paralysis, and death (Koelle, (5. B. In
The Pharmacological Basis of Therapeutics; (Goodman, L.,
and Gilman, A., Eds.; MacMillan: New York, 1975; p. 404,
incorporated herein by reference). Pyridinium aldoximes
(Z-PAM and HI-6, see structures below) are currently wusecd
In conjunction with an acetylcholine antagonist (atropine) to 55
reactivate the phosphonylated serine hydroxyl group of
ACHhE after poisoning occurs (Leadbeater, L., Inms, B. H..
and Rylands, I. M. Fund. App. Toxicol 1983, 5, 8223,
incorporated herein by reference). This treatment is ineffec-
tive against (D and GA because the initially formed enzynue
bound alkyl phosphonate esters undergo rapid aging with
loss of the alkoxy side chain to form a negatively charged
phosphonyl mono ester (Wolthuis, O. L., Berends, E., and
Meeter, B., Fund. Appl. Toxicol. 1981, 1, 183, incorporated
herein by reference). The negative charge on this mono ester
repels nucleophiles which are required to dephosphonylate
the enzyme.
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Other approaches to OP antidotes have dealt with changes
in the heteroaromatic ring system. in order to improve the
reactivation of OP-inhibited acetylcholinesterase (Bedford,
C. D., Harris, R. N., III, Howd, R. A., Goff, D. A., Koolpe,
(. A., Petesch, M., Koplovitz, L, Soltan, W. E.. and
Musallam. H. A., J. Med. Chem. 1989, 32, 504; Bedford. C.
b., Harris, R. N., Howd, R. A., Goff, D. A., Koolpe, (. A.,
Petesch, M., Miller, A., Nolen, H. W.,III, Musallam, H. A.,
Pick, R. O., Jones, D. E., Koplovitz, L, and Sultan, W. E., J.
Med. Chem. 1989, 32, 493; Benschop, H. P, Van der Berg,
(r. R., Van der Hooidonk, C., Delong, L. B A., Kientz, C. E.,
Berends, E., Kepner, L. A., Meeter, E., and Visser, B. P. L.
5. J Med, Chem. 1979, 22, 1306; Grifantini, M., Martelli,

S.. and Stein, M. L., J. Med. Chem. 1973, 16, 937, incor-
» : :

~ porated herein by reference).
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Since it is difficult to reactivate aged phosphonylated
AChE, prophylactic treatrnent with AChE inhibitors may be
the preferred alternative. AChE is protected from nerve
agents by preadministration of an AChE carbamylating
agent such as pyridostigmine or physostigmine. These car-
bamates react covalently with AChRE at the active site serine,
but the carbarnylated enzyme is hydrolyzed quickly to active
enzyme (30 min.) while phosphonylated AChE requires
several hours or days for regeneration of active AChE
(Main, A. R., vide supra). Blocking AChE for a short period
of time allows destruction of the OP agent by uncatalyzed
hydrolysis or reaction with enzymes such as carboxy-

lesterase or pseadocholinesterase (Harris, L. 'W.. Stitcher. ID.
] . , , ,

L., and Heyl, W. C., Life Sci. 1980, 26, 1885, incorporated

herzin by reference). Unfortunately, physostigmine is very
toxic and small doses can be lethal. Furthermore, physos-
tigmine is unstable and would rapidly decompose in the
battlefield. Both carbamate:

are effective only when com-
bined with several other drugs (Heyl, W. C., Harris, L. W.,
and Stitcher, D, L., Drug Chem. Toxicol. 1980, 3, 319,
incorporated herein by reference).

Other approaches to prophylaxis against OP poisoning
have involved the use of cyclic organophosphates to tern-

=
Y

porarily block AChE {(Ashani, Y., Leader, H., Raveh, L.

Bruckstein, R. and Spiegelstein, M., J. Med. Chem. 1983,
26, 145, incorporated herein by reference), reduction of

ACHhE levels by inhibitiom of choline acetyl transferase

(Gray, A. P, Platz, R. ., Henderson, T. R., Chang, T. C. P.,
Takahashi, K. and Dretchen, K. L., J. Med. Chem. 1988, 31,
807, incorporated hercin by reference), and the use of
antimuscarinic a-adrenergic agonists (e.g., clonidine) to
block the release of acetylcholine from presynaptic nerve

ternxinals (Buccafusco, J. J. and Aronstam, R. 8., J. Phar-
macol. Exp. Ther. 1986, 239, 43, incorporated herein by

reference).
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Many oxime, semicarbazone. hydrazone and acyl hydra-
rone derivatives of 2-formyl-3-hvdroxy-1-
methylpyridinium  chloride described herein incorporate
both a nucleophile to displace the phosphonate from. the
serine hydroxyl group of AChE and an additional hydrogen
bonding group (hydroxyl) to neutralize the negative charge
on the aged phosphonate mono ester. In addition, the parent
3-hydroxypyridinium derivatives were converted into vari-
ous carbarnates since these are pyridostigniine analogs and
can react covalently with AChE and thus provide protection
from OP agents.

Treatment of dementing illnesses such as Alzheimer’s
Disease (AD) represents a significant clinical challenge.
While several palliative treatments have been attempted,
pharmacological interventions which enhance central cho-
linergic neurotransmission have often provided limited ben-
eficial effects. However, serious limitations with regard to
long-term therapy with cholinergic agonists include narrow
therapeutic windows, tolerance to the beneficial effects,
severe side effects and unpredictable patient response to
standard dosing regimens. Consequently, there is consider-
able interest in the development of new therapeutic agents
with greater efficacy and improved selectivity. One approach
which has proven successful is the development of novel
compounds based upon the results from. studies employing
known pharmacological agents or combinations of agents.
From a therapeutic standpoint, it would be best it the same
molecule could target multiple sites or act through multiple
mechanisms, Part of the basgis for these concepts derives
from the nature of the disease itself.

Post mortem. studies of AD have demonstrated a loss of
markers specific for brain cholinergic neurons. While the
cholinergic loss in AID has a clear basis in the known
amnestic actions of cholinergic (muscarinic) antagonists, 1t
is known that several other neurotransmitters and related
growth factors may also be affected. For exanple, evidence
has been accumulating fronu a number of studies supporting
the existence of functional nicotinic receptors in the brain.
Of recent interest has been its role in normal and pathologic
cognitive processing. Post mortem brain tissue receptor
binding studies in AD have demonstrated significant abnor-
malities of the micotinic cholinergic system. The nucleus
basalis, located in the ventromedial cormer of the globus
pallidus, is part of the basal forebrain cholinergic system
whilch provides the major source of extrinsic cholinergic
input to the frontal cortex, and is known to be mvolved m
neuronal processes mediating cognitive function and inte-
gration at the highest level. Interestingly, this region 1s
known to undergo extensive degeneration in AD. While the
functional role of such micotinic receptors 1s unknown, one
possibility is that they may serve as a positive feedback
mechanism for acetylcholine release. Using the prototype:
agonist micotine, it has been demonstrated that stirnulation of
central nicotinic receptors produces a significant and reliable
increase in performance of the automated delayed matching-
to-sample (DMTS) task by both voung and aged monkeys
(Buccafusco, J. J. and Jackson, W. J., Beneficial effects of
nicotine adrinistered prior to a delayed matching-to-sample
task in young and aged monkeys, Newrobiol. Aging 12:
233238 (1991)). More recently one of the inventors has
demonstrated that muscarinic receptors mediate the
enhanced DMTS performance, reflecting the acetylcholine
releasing action of nicotine (Terry, A. V., Buccafusco, J. J.
and Jackson, W. J., Scopolamine reversal of nicotine
enhanced delayed matching-to-sample performance in
monkeys, Pharmacoel. Biochem. Behav. 45:925-929 (1993)).
The possibility exists, therefore, that nicotinic receptors may
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be associated with, or located on, cholinergic fibers project-
ing to the cortical regions which are mvolved m A,
Unfortunately, micotine, which is an extrernely toxic
substance, is ome of the few agonists of the meuronal
nicotinic receptor that produces central actions following
peripheral administration. In order to pharmacologically
exploit central nicotinic receptors it will be necessary to
develop mew centrally acting nicotinic agonists with less
side effects and toxicity than nicotine,

A superior approach might be to combine the phanmaco-
logical properties of central AChE inhibition with ntcotinic
receptor activation. In addition to providing two potential
cognitive enhancing mechanisms to target, the presynaptic
down-regulation (reduced transmitter release) produced dur-
ing chronic esterase imhibition might be avoided through
stinmulation of nicotinic receptors located on nerve endings
which normally enhance acetylcholine release. To this end,
we have synthesized pyridinium conmgpounds, conypounds
designed primarily as specific inhibitors of AChE. These
compounds are different from other previons centrally-
acting AChE inhibitors used to treat Alzheimer’s patients in
that the molecule retains a permanent positive charge and
therefore, may exhibif the ability to directly stimulate cho-
linexgic receptors as well as inhibit the esterase. The ability
of these compounds to cross the blood-brain barrier s due ta
their enhanced hydrophobicity. In this invention, we show
that it is possible to develep centrally-acting drugs with
permanent positive charges. Such compounds exhibit the
ability to both inhibit cholinesterase and stimulate nicotinic
(and/or muscarinic) receptors in the central nexrvous systern.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 is a graph showing the effect of MEF-133 (4bb) on
DMTS performance as a function of dose. Data are pre-
sented for Long (upper panel) and Medium (lower panel)
delay imtervals. Each value represents meants. E.M. from 5
monkeys. The numbers in the upper panel indicate the
nurbers of animals centributing data within the doses
bracketed by the vertical axes.

FIG. 2 is a graph showing the effect of MIHP-133 (4b) on
DMTS performance as a function of dose. Data are pre-
sented for Long (illed bars) and Medium, (open bars) delay
intervals. Each value represents meand:s. BEM., from 11 mon-
keys. The * indicates a significant increase (IP<0/03) with
regard to control (vehicle) performance levels.

FI(. 3 is a graph showing the effect of MEP-133 (4b) on
DMTS performance in 11 monkeys as a function of delay
interval. “Best Dose” refers to that dose selected (between
30--100 pefke, inclusive) for each individual animal which
provided the best overall (all delays combined) improve-
ment in performance. The * indicates a significant increase
(P<(/05) with regard to control (vehicle) performance lev-
els.

FIG. 4 is a graph showing the effect of 3 doses of
MHP-133 (4b) on the performance in 4 trials of the Morris
Water Maze task by young mature rats. Each point repre-
sents the meantS.JEM. from 10 rats. Latency indicates the
time iuterval between placing the rat in the maze and his
locating the hidden platform. The * indicates a significant
decrease (P<0/08) with regard to control (vehicle) latencies.

DETATILED DESCRIPTION OF THE
INVIENTION
Aldoxime, hydrazone, semicarbazone and acyl hydrazone

derivatives of 2-formyl-l-substituted pyridimium com-
pounds are good inhibitors of acetylcholinesterase (AChIE)
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and can displace a nerve agent from the enzyme active site
or protect the latter from aftack by a nerve agent. Therefore

these structures can be used as antidotes and prophvlactics
against nerve agents or other organophosphate poisons.
Furthermore, it is possible that the carbamates act first as
prophylactics against OP poisoning and that the reaction
products (3-hydroxy derivatives) act as reactivators of phos-
]F)tll][[ljF]LEHtf:(l. AChE (see below). Herein we describe one
instance of this prophylactic/prodrug concept.

. OCONR'R" ot~ . OH

” |] .......... ACHE _ =, { |]

) "N TCH==Nu | SN T CH==Nu
| N = nueleophile |
R R

Prophylactic Reactivator

In addition to theft AChE inhibitory properties, these

derivatives can act on cholinergic receptors in the nervous

system either to mimic or to oppose the effects of the natural
neurotransmatter acetylcholine. Therefore these structures
can also be used in the treatment of conditions such as
Myasthenia Gravis, Alzheimer’s disease (sendle dementia),
presenile dementia of the Alzhéimer’s type, Korsakoff’s
syndrome (psychosis), age-related memory impairment.
multi-infarct dementia, Parkinsonian dementia, Down’s
syndrome, and postraumatic dementia (dementia pugilistica)
where a cholinergic deficit leading to pathology cam be
ameliorated by administration of a cholinomirmetic or an
anticholinesterase agent. These structures can also act on the
cardiovascular system to produce an antihypertensive effect;
they can be useful in the treatment of glaucoma; they can
enhance bowel tone and motility.

The novel substituted pyridinium derivatives have the
following structural formulas:

-~ - ~ -
JHH‘h‘1[=’====HF “.h""n.,' #‘::::::, h""'h..,. ”,' ?L
-~ I] J " ‘[
'ﬁhh: i’ hI _ -"’ ‘h“ "’ ‘ ‘. I— . _ o
) M, 7 CCH==NOR; and B ) N ’ (CH=MNOR,
£ 7

with any counterion to make pharmaceutically acceptable
.s.aJlt.s, wherein

£ 1s selected from the group consisting of C, . alkyl, C,
alkyl with an attached phenyl group, C, 4 alkyl with an
attached naphtyl group, C, , alkyl with two attached
phenyl groups, C, , alkyl with an attached phenyl
group mono, di, or trisubstituted with J, C; < alky] with
two attached phenvl groups mono, di, or trisubstituted
with J, C, ¢ alkyl with an attached naphtyl ;Bﬂri]ﬂLl[) mono,
di, or trisubstitated with J,

wherein I is selected from the !JJE{JHDI[J cons sisting of
halogen, COOH, OH, CN, NQ,,, NH.,,, C, 4 alkyl, C,
alkoxy, C, ¢ :11]5“5*[:11151[111 Ci.e alkyl-OmCO--, C, ¢
alkyl-O—-iCO-—NH-—, C,  alkyl-NH-— (ZZ(EJ =N [i[ ------ ,
[*‘:I & Akyl-NH-- O Demmey, ) e
(C s alky D, Nem CObnnn,

wherein X is selected from the group consisting of OH,
Cq.s alkyl-WNH-~—CO- ey () o alkyl),-Nemel Z O
O, C,.¢ fHuoroalkyl- I*J Heen C Qe Qe (0
Huoroalkyl - NH---AC ke Qe

wherein R, is selected from the group consisting of C, .
alkyl, C,.¢ alkyl with an attached phenyl group, C, .

4.5

5

Q)

b
alkyl wiith two attached phenyl groups, C, ¢ alkyl with
an attached phenyl group mono, di, or trisubstituted
with K, C, ¢ alkyl with two attached phenyl groups

mono, di, or trisabstitute 1[[ ‘b5’11] 1 K, €y g alkyl with an
' attached naphtyl group, C,  alkyl with an attached
maphtyl group mono, di, or trisubstituted with K, C,
alkyl-T,
wherein T is selected from. the
mula (1) and formula (IT),

.

group consisting of for-

10

' Formula I

) |
13

R Formgla II

|

—

! N
L
20 e (CH )
wherein R, B, and R' are selected from the group
consisting of H, C, ¢ alkyl, C, . fluoroalkyl, C, . alkyl
‘with an attached phenyl group, C,  alkyl with an
attached phenyl group mono, di. or trisubstituted with
K, C, ¢ fHuoroalkyl with an attached phenyl group
mono, di, or trisubstituted with K.,
wherein K is selected from the gr c111] ) CORS
halogen, COOH, OH, CN, t*[( ).,
alkoxy, .« Etl]s““flzilictilltz*. 16 .a]Ll:1y 1-0—C 0, C, g
alkyl-O-—CO-—NH—, C,  alkyl-NH-—( ]L----J*i H--
Ci.e alkyl-NH—CO-—O—, C, o alkyl NH—CO—,
(C.g alkyl),Newmt v, |
wherein B 15 selected from the group consisting of H, C,
alk Y 1. | .
Alternatively the novel quaternary pyridinium com-
pounds are represented by the following structural formulas:

isting of
E I]E] 2 " -;] €} Il]]k SF] {‘” 1- fJ
30

33

[ Y and
)Y i

Y
|
Y CH = NNE o= C =~ NRR

with any countetion to make pharmaceutically acceptable
salts, wherein

Yis O or S,

wherein R, is selected from. the group consisting of H,
.6 alkyl, phenyl, C, . alkyl with an attached phenyl
group, ,_ alkyl 5&!11]%1 an attached phenyl group mono,
di, or trisubstituted with K, C,_4 alkyl with an attached
naphtyl group, C, , alkyl with an attached naphrtyl
group mono, di, or trisubstituted with K,

wherein R, is selected from the group consisting of H,
C; s alkyl, phenyl, C, . alkyl with an attached ]t>t1<=1n15r1
group, ., ¢ alkyl with an attached phenyl group mono,
di, or trisubstituted with K.

Alternatively the novel quaternary pyridininm con-

pounds are represented by the following structural formulas:

33

f‘"
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I ;

N N CHENNH--C Ry and
|
Z
,!:s:"“h“ - ngl
[ } v
-~ :::n at g, |1
B " N,T  CH==NNH--C Ry
I
7

with any counterion to make pharrnaceutically acceptable
salts, wherein

Xy is selected from the group consisting of H, OH, g

alkyl-NH-—COweeDor, (C ¢ alKy D)o Neer COomenn O,
C, .« fnoroalkyl-NH——C 00—, (C,s flucroalkyl)
N Herer COrreOmr

wherein R, is selected from. the group consisting of C, 4
alkyl with a pyridiniurn ring attached through nitrogen,
C,.¢ alkyl with a pyridiniom ring attached through
nitrogen and mono, di, or trisubstiluted with K, C, .
alkyl with a quinolinium ring attached through nitrogen
and mono, di, or trisubstituted with K, C, s alkyl with
an isoquinolinium ring attached through nitrogen and
mono, di, or trisubstituted with K, C,_s alkyl-T,

wherein T is selected from the group cons
mula (I) and formula (1D).

isting of for-

Zit' Formoula 1
----- NF e
|
B
R’ Forpmila II
3l
T v,
f ””’
‘\ i

e (CH )34

wherein R, R", and R™ are selected from the group
consisting of H, C, ¢ alkyl, C,_ Huoroalkyl, CC, . alkyl
with an attached phenyl group., C, ¢ alkyl \ﬁf]JLtl an
attached phenyl group mono, di, or trisubstituted with
K. C,¢ fluoroalkyl with an attached phenyl group
mono, di, or trisubstituted with K,

wherein K. is selected from the group consi
halogen, COOH, OH, CN, NO., NH., C, ¢ alkyl, C_¢

l"""!|I

alkoxy, C, ¢ alkylamine, €, alkyl-O-—iCO——, ) g

‘11Ll51;]L O—CO—NH--, C, . alkyl-NH-—C0--- th[]r] ..... ,
C.¢ alkyl-NH—-CO--Q, Cy_ s alkyl NH-CO-
(C,.¢ alkyl) N O

Alternatively the movel quaternary pyridipium com-
pounds are represented by the following structural formulas:

}( ,I“I‘
"“‘ h‘
(" ’ﬂ w iy
hh[==ﬂ" ‘Hh
v, ﬂ[

N, TCHazNNRsRe and

isting of

3

~continued
A

™ CH==NNRsRs

with any counterion to make pharmaceutically acceptable

10 salts, wherein

R, is selected from the group consisting of C ¢ alkyl,
ngtli‘l]‘y I, C, o alkyl with an attached phenyl group, C, ¢
alkyl with an attached phenyl group mono, i, or
trisubstituted with K, C, _s alkyl with an attached naph-
tyl group, C, . alkyl with an attached naphtyl group

mono, di, or trisubstituted with K., |
wherein R, is selected from the growp consisting of H,

C, . alkyl, phenyl, C,_; alkyl with an attached phenyl
group, C, ¢ alkyl with an attached phenyl group mono,

ki, or trisubstituted with .
Alternatively the novel quaternary pyridininm. Con-
pounds are represented by the following structural formulas:

20

P 5

S CH=NOH and

30 Vid

™ CH==NOH

with any counterion to make pharmacentically acceptable
. J .

0 salts.
"~ Alternatively the novel quaternary pyridinium com-

pounds are represented by the following structural formuda:

Y
|
* CH =z NINH - C e N R g

500
with any counterion to make [Jll.aLtlchch,f-LllJ.t:ELl] y acceptable

salts, wherein

R is selected from the group consisting of C, ¢ alkyl,
phenyl, C, . alkyl with an attached phenyl group, C, ¢
alkyl with an :111tzbc‘t1<=ti phenyl group mono, di, or
trisubstituted with K, C, ¢ alkyl with an attached naph-
tyl group, C, . alkyl with an attached naphtyl group
mono, di, or trisubstituted with K, ~-CO--L, _, alkyl,
----- CO—C, ¢ alkyl with an attached phenyl group

mono, di, or trisubstituted with I,

55

60

if]]i 1rt,11uL R, is selected from the group consisting of H,
C, . alkyl, phenyl, C,_ s alkyl with an attached phenyl
group, C, g alkyl with an attached phenyl group mono,

65 di, or trisubstituted with K.

Alternatively the novel quaternary pyridinium com-
pounds are represented by the following structural formula:
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™ CHEmNOR,

with any counterion to make pharmaceutically acceptable
salts, wherein
Ry 1s selected from. the group consisting of C,  alkyl with
an attached phenyl group, C, . alkyl with two attached
phenyl groups, C, ¢ alkyl with an attached phenyl
group mono, di, or trisubstituted with K, C, . alkyl with
two attached phenyl groups mono, di, or trisubstituted
with K. C, ¢ alkyl with an at t:l{‘l]t’ijl naphtyl group, C, ¢
alkyl with an attached naphtyl group mono, di, or
trisubstituted with K.
Alternatively the novel quaternary pyridiniun: com-
pounds are represented by the following structural formulas:

]{ ‘] Y and
« [
N CCH NN === == RA R
|
Z
- #‘,]HC
I.ﬂ [ qﬁr
- :::' s’; ) ||
| N, © Y CHEmNNH = C = NRSR
H
2

and any counterion to make pharmaceutically
salts, wherein
£ is selected from the group consisting of C,_, alkyl, C,
alkyl with an attached phenyl group, C, s alkyl wilth an
attached lunar[)ll1ﬂtlifil group, ;& alkyl with two attached
phenyl groups, C, ¢ alkyl with an attached phenyl
group mono, di, or trisubstituted with J, C,_. alkyl with
two antt:ai“1FUE d phenyl groups mono, di, or trisubstituted
with J, C, ¢ alkyl with an attached naphthyl group
mono, 4, or trisubstituted with J.
wherein J is selected from the group u"w":tli"ihsmtillqgg of
halogen, IiZW[Ji( JH, OH, CN, NO.,, NHL.,, C,_¢ alkyl, C, ¢
alkoxy, C, ¢ alkylamine, C,  alkyl-O-—-CO—, C, .

acceptable

alkyl-O--C(Ormr NH— v Crg Alkyl-NH-—-CO--NH--,
Ci¢ alkyl-NH---CO-—0O-—, C, . alkyl-NH-—-CQ-,
(C,.6 alkyD),N—C O~ -

‘Eifl]t’]' in X is selected frorn the group consisting of O,
C.¢ alkyl-NHew OOy (C ¢ alkyl),-INee-COhomr
O, C,.¢ fluoroalkyl-NB—CO—0—, (C,.
1it[|:3arcliillkﬁjf]ujz, NH Ol Yo,

Y is O or S,

wherein R, is selected from: the group consisting of
_Iju::tut¢1111L|(JlﬁcaljdtUE,ll:p_l, pbenyl monosubstituted with K,
phenyl disubstituted with K, phenyl trisubstituted with
IX, and naphthyl,

1uaft1<*IWEri11 K., 1s selected from. the group consisting of H,

C, ¢ alkyl, phenyl, pentafiuorophenyl, phenyl mono, di,

or trisubstituted with K, C, o alkyl with an attached
phenyl group, C, g alkyl with an attached phenyl group
mono, di, or trisubstituted with K,

wherein K is selected from the group consi
halogen, COOIL OH, CN, NO,, NH,, C,  alkvl, C,
fluorinated alk: 5rl Ci.¢ alkoxy, C . alkylamine, C, 4

15ting of

"

10

1 ||"l
.2* ..d'

3()

35

4()

45

S0

& l:i

e

B

6H5

10
alkyl-O-—C O, ) ¢ alkyl-OemmC s ]*J"[][ ------ , Cig
¢i]LleF] NH-—COre-NH- Ci6 alkyl-NH-COwri)wrm,
¢ alkyl-WNH- O, |“(_J] 6 Alky])oN—C e
wherein B is selected from the group consisting of [i[ C
alkyl.
Alternatively the novel quaternary pyridinium com-
pounds are represented by the following structural formulas:

b...-L t:’

X

L
-l' ™

PI*

IEZ

1[3]E[===£EQ]PIIE¢{[{¢; and

C T CHE=NNEsRs

and any counterion to make pharmaceutically acceptable
salts, whersin

Ry 15 selected from the group consisting of

pentafluorophenyl, phenyl monosubstituted with K,
phenyl disubstituted with K, phenyl trisubstituted with
K., and [lcl]‘ﬂfll]1ljfl

wherein R is selected from the gl]‘()l]qgr consisting of H,

. alkyl, phenyl, ’hE‘[liuaJEllli nrt"qg}t1c=lat5rl, phenyl mono, di.
or trisubstituted hﬂ’ll]]L K, C, ¢ alkyl with an attached
phenyl group, C, ¢ alkyl with an attached [3111=1[|5r] ETOUp
rnono, di, or trisubstituted with K.

This inve lliﬁliJﬂDl describes a method of treating mammalian
dernentia consisting of treating a mammal with a therapen-
ljhELE[l]QE'IEE[]iEhEﬂtiWJl_,.El[l]uhlll]]l,l_lf a compound having the following
structure: |

; l ]if zned
™ O SR ININH - C = NR5 R

[
A |

'CH==2NNH - C --=-NR4R 4

2

and any counterion to ]]JhELluf“ pharmaceutically acceptable
salts, wherein
£ 1s selected from the group consisting of C, . alkyl, C,
El]]k:jfl.‘ﬂﬁﬁit]JL.Ell].iHﬂttEtiIlltElﬂL:[}Iljﬂﬂ[{jfl.iggti,ﬂLL[Jg,'[_,ls_t,.cllliz 1 with an
attached naphthyl group, C, ¢ alkyl with two attached
phenyl groups, C, , alkyl with an attached phenyl
group mono, di, or trisubstituted with J, C,_. alkyl with
two attached phenyl groups moneo, di, or trisubstituted
with J, C, & :1]Jk“5fl with an attached naphthyl group
mono, di, or trisubstituted with T,
wherein J is selected from the group comsi lstinge  of
halogen, COOH, OH, CN, NOQ.,, NH.,, C,_ alkyl, '(_.] 5

alkoxy, C, ¢ :i]lhﬁjil:lllﬂll]]j.g Cye AKYL-OeiC0m, )
alkyl-O-—--COwINH-—, ¢1l]L'1;][ NI A 20 e PN e
Ci.s alkyl-WH—-COw-O—, C, . alkyl-NH-—CO-—.,
(C 1 Ay Naead 0k,

wherein X is selected from the group consisting of OH,
Cie alkyl-NH—CO—0—, (C, o alkyl),-N—C{—
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O, C,_ ¢ fluorcalkyl-NH--C
fluoroalkyl),-NH-CO--—,

Y is O or §,

wherein K., is selected from the group consisting of H,
C,.¢ alkyl, phenyl, '[)t=1r1t¢ijil11: rophenyl, phenyl mono, di,
or trisubstituted with K, C, ¢ alkyl with an attached
phenyl group, ;g alkyl with an Ertluau:ft1<=ij phenyl group
mono, di, or trisubstituted with K. C, . alkyl with an
attached naphthyl group, naphthyl, C, ¢ alkyl with an
attached naphthyl groap mono, di, or t[?l substitated with
K,

wherein K is selected from the group consisting of H,
(, ¢ alkyl, phenyl, '[)t=1trt:a]”ltlt* rophenyl, phenyl mono, di,
or trisubstituted with K., C, 4 alkyl with an attached
phenvl group, C,_e alkyl with an attached phenyl greap
mona, di, or tthSJLllJI;Ijltljltf,tjl with K.

wherein K is selected from the group consisting of
halogen, COCH, OH, CN, NO., NH., C,_; alkyl, C,_ s
fluorinated alkyl, , 4 alkoxy, C, s alkylamine, C, ¢

il

o g -

allkkyl-O-—-CO-——, C, ¢ alkyl-OQweiCO~-NH--, C, g
alkyl-NH-~-CO--INH—, C, ¢ alky1-NE- ZI(H) ----- (-,
Croe ALKYL-INH-n CObnene ( 1. alkyD) N O Oeee
wherein B jLs::s<:]1:u:ﬂbf:cl.1:[1:11]31 the group consisting of H, ¢
alkyl.
This invention also describes a method of treating mang-

rnalian dementia consisting of treating a mammal with a
therapeutically effective amount of a compound having the
following structure:

‘I e
L [l

™ Oz NNH—-C Ry and

‘] v
. |

™ CH = NNH e C e R

and amy counterion to make pharmaceutically acceptable

salts, wherein
X 1s selected from the group consisting of H, OH, C, s
alkyl-NH-—CO—0—-, (o alkyl),~-N-——CO-(—,

C, .6 fluoroalkyl-NH--4 (-0
NH—-CO---()

Y is O or §,

Z is selected from the group consisting, of C, ¢ alkyl, C, .
alkyl with an attached phenyl group, C,
attached ll:lljﬂflll]‘y | group, C, s alkyl with two attached phe-
nyl groups, ,_s alkyl with an .11nt¢lc'l1<={1 phenyl group mono,
di. or trisubstituted with I, C, . alkyl with two attached
phenyl groups mono, di, or trisubstituted with I, C,_4 alkyl
with an attached naphthyl group mono, di, or trisubstituted
with J

, (C,.¢ fluoroalkyl)..-

1avﬂtlt=1 ein J is selected from the group consisting of

halogen, COOH, OH, CN, taI{ ), NH.,, C, ¢ alkyl, C, ¢
alkoxy, ;. s alk ylamine, C, ¢ alkyl-O-—, 1**1’"L.___4f*l

e
sal kyl-O—C O NHC s alkyl-NH-~-CO-—NH—,
C, s akyl-NH—COw O, C ¢ alkyl-NH—-C O,
(C,. ¢ alkyD,N-—CO-——,

wherein E, is selected fron the group consisting of 1, ¢
alkyl with a pyriciniurm rimg attached through nitrogen,
C.,.c alkyl with a pyridininm ring attached through

alkyl with an-

12
nitrogen and mono, di, or trisubstituted with K, C, ¢
alkyl with a quinoliniwm ring attached through nitrogen
and monao, di, or trisubstituted with K, C, o alkyl with
an i :(Jd]ﬂlllliﬂhl[llDLll]]T[l ring attached through nitrogen and

i mono, di, or trisubstituted with K., C,_, alkyl-T,

wherein T is selected from the grouwp consisting of for-
mula () and formula (10,

r n

R
10 |

Foromula 1

R"

R’ Formula I

o |

---I_?\[ J--“~

,
()

N [l * P
hh-‘--(ﬁuﬂElshta-Il

15

wherein R', R", and R'™ are selected from the group
congsisting of H, C, ¢ alkyl, C,_ fluoroalkyl, C,_. alkyl
with an attached phenyl g:prcjujl[) C,e ¢1]]s"5r] with an
attached phenyl group mono, di, or trisubstituted with
K, C, fluorcalkyl with an attached phenyl group
mone, di, or trisubstituted with K,

wherein K is selected from the group consisting of
halogen, COOH, OH, CN. NO., NH,, C, 4 alkyl, C, ¢

I"

fluorinated alkyl, O, alkox y, (¢ alkylamine, C, ¢
:l]]k’ﬂf -0 GO I’ﬁ‘ g alkyl-( )' ----- CO-NH--

20

25

l("] -0
30

1au]tlf:11L5111
Ell]i"jf]
This mvention also describes a method of treating noam.-
35 malian dementia consisting of treating a mmammal with a
therapeutically effective amount of a compound having the
following structure:
l Y
P |

" CH = NINH === e W5 R

_E! Ik :s<=]1sn:#tf:(l 1E1|L|t11 1]%1&; gxlﬂc)qugv COnsi 51:11113f'c>1 H, €, s

<)

45

%

and any counterion to make pharmaceutically acceptable
salts, wherein
Y is O or %,
£ i3 selected from. the group consisting of C, . alkyl, C, ¢
alkyl with an attached phenyl group, (:1],_E,.¢Lll;;5rl with &n
attached naphthyl group, C, . alkyl with two attached
phenyl groups, C; alkyl with an attached phenyl
gTOup monao, 8

30

di, or trisubstituted with J, C,_s alkyl with
bW iﬂltti]i“]]t”hfl phenyl groups mono, di, or trisubstituted
with J, C,, alkyl with an attached naplhithyl group
nono, i, or trisubstituted with J,

whereim J is selected from the group :"1:trls;'f;ljttlgg; of
llaaﬂlc11:w="rl, l[””[]r(:)]El;. OH, CN, NO.,, NH.,, C,_¢ alkyl, (,
alkoxy, C, ¢ alkylamine, C, . alkyl-O-—CO—, C, 4
al kyl-Qerl CO---IN H--, *’"' e Alkyl-WH-—- O NE--,
C,e alkyl-NH---{ - Oy O, alkyl-NH--COwmr,
(C,.¢ alkyl}, N,

R, is selected from the group consisting of C, ¢ alkyl,
phenyl, pentafluorcophenyl, phenyl mono, di, or trisub-
stituted with K, C, , alkyl with an attached phenyl
group. C,_« alkyl with an attached phenyl group mono,
di, or trisubstituted with K, C,_ alkyl with an attached

33

6()

Ll g

3.
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naphthyl group, naphthyl, C, . alkyl with an attached

naphthyl group mono, di, or trisubstituted with K,
wherein Rg 18 selected from: the group consisting of H,
;¢ alkyl, phenyl, |Ju='ctt¢1jﬂlt1111 ophenyl, phenyl mono, di,
or trisubstituted with K, C, . alkyl with an attached
phenyl group, [h,]ﬂﬂf,chllizﬁil.‘ﬂv]Ltll.quDI-:ltIJHH_JtLE;(i.]rﬂtlf;l]:yﬁ[ Qroup
mono, di, or trisnbstituted with K,
wherein K is selected from the g’l'EJl]] - consisting  of
halogen, COOH, OH, CN, NO,,, NH,,, C, . alkyl, C, 4
fluorinated alkyl, C, alkox v, (_,JL “ ¢11]5;5rl,1]ﬂ[111:uh,, Cig
alkyl-Q—CO=, C, ¢ alkyl-Qw-CO—NH-—, C, 4
alkyl-NH-—-CO—-NHw-, C, ¢ alkyl-NH-—CQ-(-
Cyg Alkyl-NH~- O, (C, o alkyl) Neeed OO,
The following compounds are representative of the inven-
tion;
O-Benzyl-N-(1-methyl-2-pyridinemethylene) hydroxy-
lamine chloride (1a).
O-(Diphenylmethyl)-N-( 1-methyl-2-pyridinemethylene)
hydroxylamine chloride.
O-(p-Chlorobenzyl)-N-(1
hydroxylamine chloride.
O-(p-Methoxybenzyl)-N-( 1-methyl-2-pyridinemethylene)
hydroxylamine chlioride.
O-(1-Naphtylmethyl)-N-( 1-methyl-2-pyridinemethylens)
hydroxylamine chloride.
O-(2-Methyl-1-naphtylmethyl)-N-(1-methyl-2-
pyridinemethylene) hydroxylamine chloride.
O-(2,3,4-Trimethoxybenzyl)-N-(1l-methyl-2-
pyridinemethylene) hydroxylamine chloride,
0-(3,3-Diphenylpropyl)-IN-( 1-methyl-2-pyridinemethylene)
hydroxylamine chloride.
O-Benzyl-N-(3-hydroxy- 1-methyl-2-pyridinemethylene)
hydroxylamine chloride (1b).
O-(1-Naphtylmethyl)-N-{3-hydroxy-1-methyl-2-
pyridinemethylene) hydrozylamine chloride.
0-(2-Methyl- 1-naphtylmethyl)-N-(3-hydroxy- 1 -methyl-2
pyricine 'tl]u=1tt1'p]lfftlt,] hydroxylamine chloride.
0-(2,3,4-Trimethoxybenzyl)-N-(3-hydroxy- 1-methyl-2-
pyridinemethylene) hydroxylamine chloride.
O-(3.3-Diphenylpropyl)-N-(3-hydroxy-1-methyl-2-
pyridinemethylene) hydroxylamine chloride,
O-(1-Naphtylmethyl)-N-(1,6-dimethyl-3-hydroxy-2-
|Jﬂyuriijti114='rt]<=1*t1*f1I_Jtlf*]  hydroxylamine chloride.
0-(Z-Meth jf I-1-naphtylmethyl)-N-{1,6-dimethyl-3-
hydroxy-2-pyridinemethylene) .tl:ﬂ1jh[¢]L!HjF]JHJ[[l]JDbE: chloride.
O-Methyl-N-(3-hydroxy-1-methyl-2-pyridinemethylene)
hydroxylamine chloride (Lc).
O-Methyl-N-(1,6-dimethyl-3-hydroxy-2-
pyridinemethylene) hydroxylamine chloride.
O-{2-(1-Methyl-1-piperidininm]ethyl]-N-(3-hydroxy-1-
methyl-2-pyridinemethylene) hydroxylamine dichloride.
O-[2-(Trimethylammonium)ethyl]-N-(3-hydroxy- 1-methyl-
Z-pyridinemethylene) ]f[jfljtfillifj?liiJTE[i]]uh dichloride.
O-(p-Chlorobenzyl)-N-(3-hydroxy-1-methyl-2-
pyridinermethylene) ]fl‘?ljl[i“hﬁ.jf]1HJE[lllji“ chdoride (1d).
O-(p-Cyanobenzyl)-N-(3-hydroxy-1l-methyl-2-
pyridinemethylene) hydroxylamine chloride.
U-(2-Hydroxy-4-nitrobenzyl)-N-(3-hydroxy-1-methyl-2-
pyridinemethylene) hydroxylamine chloride.
O-(p-Carboxybenzyl)-N-(3-hydroxy-1-methyl-2-
pyridinemethylene) hydroxylamine chloride.
O-(p-Chlorobenzyl)-N-(1,6-dimethyl-3-hydroxy-2-
pyridinemethylene) hydroxylamine chloride.
O-(p-Cyanobenzyl)-N-(1,6-dimethyl-3-hydroxy-
pyridinemethylene) hydro: n}ﬂl;l]]ﬂlll]i, chloride.
O-(2-Hydroxy-4-nitrobenzyl)-N-(1,6-dimethyl-3-hydroxy-
2-pyridinemethylene) hydroxylamine chloride.

-y

~-methyl-2-pyridinemethylene)

€

1O

15

Iy o
2

30

]

44

15

30

35

60

6.5

14
O-(p-Methoxybenzyl)-N-(3-hydroxy-1-methyl-2-
pyridinemethylene) :tljfljhftltEth];]JEEIIJﬂHL chloride (1e).
O-(p-Dimethylaminocarbonyloxy benzyl)-IN-(3-hydroxy-1-
methyl-2-pyridinernethylene) hydroxylamine chioride.
O-(p-Propylaminocarbonyl benzyl)-N-(3-hydroxy-1-
methyl-2-pyridinemethylene) hydroxylamine chloride.
O-(p-Ethoxycarbonyl benzyl)-N-(3-hydroxy-1-methvl-2-
pyridinemethylene) hydrox: 5’[:1]3[[[]]1’ chloride.
O-(p-Methoxybenzyl)-N-(1.6-dimethyl-3-hydroxy-2-
pyridinemethylene) hiydroxy lamine chloride.
O-(p-Dimethylaminocarbonyloxy benzyl)-N-( 1,6-dimethyl-
3-hydrexy-2-pyridinemethylene) hydroxylamine chlo-
ride,
O-(p-Propylaminocarbonyl benzyl)-N-(1,6-dimethyl-3-
hydroxy-2-pyridinemethylene) hydroxylamine chloride.
O-Benz =[3-(N"N'-dimethylcarbamoyDhydroxy-1-
methyl-2-pyridinemethylemne] ]tLjF(jhfi]Lﬁuj?]J:Ll]]LlI]JE- chloride
rr)‘a )
2-(1-Methyl-1-piperidininm)ethyl]-N-[3-(N".N'-
qjlji:rxl.cz't hylcarbamoyl)hydroxy-1-methyl-2-
pyridinemethylene] hydroxylamine dichloride.
O-[2-(Trimethylammonium)ethyl]-N-[3-(N",N'-
dimethylcarbamovl)hydroxy-1-methyl-2
pyridinemethylene] hydroxylamine dichloride.

i O-Benzyl-WN-{3-(N',N"-diethylcarbamovDhydrogy-1-

meth yfl '2' ]“fﬁfljitli]EDE;[l]t“1ﬂf11;1ih'[lE‘] hydroxylamine chloride.
(-Benzyl-N-[3-(N' N'-difluoroethylcarbamoyl)hy droxy- 1-
methyl- 2' |:g5rrjuc111nvf.r111=1lt13; ene] hydroxylamine chloridle.
G-Diphenylmethyl-N-(3-hydroxy-1-methvl-2
pyridinemethylene) hydroxylamine jodide.
O-Benzyl-N-[3-(N" N'-dimethylcarbamoylyhydroxy-1,6-
dimethyl-2-pyridinemethylene] hydroxylamine chloride.
O-Benzyl-N-[3-(N'N'-diethylcarbamoylhydroxy-1,5-
dimethyl-2-pyridinemethylene| hydroxylamine chloride.
O-Benzyl-N-[3-(N' ,N'-difluoroethylcarbamoyDhydroxy-1,
O-dirnethyl-2-pyridinemethylene] hydroxylamine chlo-
ride.
O-{Diphenylmethyl)-
hydroxy-1-methyl.-2
chloride (2b).
O-(Diphenylmethyl)-N-[3-(N'-isopropylcarbamoyl)
hydroxy-1-methyl-2-pyridinemethylene] hydroxylamine
chloride.
O-(Diphenylmethyl)-N-[3-[N'-(Z-fluoroethyl)carbameyl ]
hydiroxy- ]'-Jr[l{‘l]jtj?l -Z-pyridinemethylene]| hydroxylamine
chloride. |
O-(Diphenylmethyl)-N-[3-(N',N'-dimethylcarbamoyl)
hydroxy-1,6-dimethyl-2-pyridinemethylene] hydroxy-
lamuine chloride.
O-(Diphenylmethyl)-N-[1,6-dimethvl-3-(N"-
1sopropylcarbamoyl)hydroxy-2-pyridinemethylene]
hydroxylanuine chloride.
O-(Diphenylmethyl)-N-[3-[N'-(2-fluoroethyl) carbamoyl |
hydroxy-1,6-dimethyl-2-pyridinemethylens] hydroxy-
lamine chloride.
O-(p-Methoxybenzyl)-IN-{3-(N',N'-dimethylcarbamoyl)
hydroxy-1-methyl-2-pyridinemethylene] hydroxylarnine
chloride (2c). |
O-(p-Methoxybenzyl)-N-[3-(N"N'-dimethylcarbanioyl)
hydroxy-1-ethyl-2-pyridinemethylene] hydroxylamine
chloride.
O-(p-Methoxybenzyl)-IN-[3 -
hydroxy-1-benzyl.-2
bromide.
O-(p-Methoxybenzyl)-N-[3-(N' N'-dimethylcarbamoyl)
hydroxy-1,6-dimethyl-2-pyridinemethylene] hydroxy-
larnine chloride.

- N'-dimethylcarbamoyl)
-pyridinemethylene] hydroxylaniine

3-(N'N'-dimethylcarbamoyl)
-pyridinernethylene] hydroxylamine
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O-(p-Methoxybenzyl)-N-[3-(N'N'-dimethylcarbamoyl )
hydroxy-1l-ethyl-¢-methyl-2-pyridinemethylene ]

hydroxylamine chloride.

O-(p-Methoxybenzyl)-MN-[ 3-(N",]
hydroxy-1-benzyl-6-methyl-.
hydroxylamine brormide.

O-(p-Methoxybenzyl)-IN-[ 3-(N' N'-dimethylcarbamoyl)
hydroxy-1-(1-naphtylmethyl)-2-pyridinemethylene]
hydroxylaminge chloride.

O-(p-Methoxybenzyl)-N-[3-(N' N'-dimethylcarbaraoyl)
hydroxy-1-(2-methyl-1l-naphtylmethyl)-2-
pyridinemethylene] hydroxylamine chloride.

O-(p-Methoxybenzyl)-N-[3-(N'N'-dimethylcarbamoyl)
hydroxy-1-diphenylmethyl-2-pyridinemethylene]
hydroxylamine ¢ ]hLl(J]'l(jlhf

O-(p-Methox 3rl:r JN'-dimie tlurﬁ;]lc*¢11‘tJ.aJrrll"rjr]L)
hydroxy-1-( 2* tl y <1 rox 5* d4-nitro benzyl)-
pyridinemethylene| hydroxylamine chloride.

O-(p-Methoxybenzyl)-N-[3-(N' . N'-dimethylcarbamoyl)
hydroxy-1-(p-carboxy benzyl)-2-pyridinemethylene]
hydroxylamine chloride.

O-(p-Methoxybenzyl)-IN-
hydroxy-1-(p-cyanobenzyl)-2-pyridinemethylene]
itl1;1;ttihr: ylamine chloride.

S-( W' N'-DimethylcarbamoyhDhydroxy-1-methyl-2-

g)1g1r1|jL1114= methylene] hydroxylamine chloride (2d).

V'-dimethylcarbamoyl)
 -pyridinemethylene]

_[]:H]F]JHLIIJJEn[I]!ZlJtljFlliJD1L{] hydroxylamine chloride.

N-[3-(N',N"-DimethylcarbamoyDhydroxy-1,6-dimethyl-2-

pyridinemethylene] hydroxylamine chloride.
O-(1-Naphtylmethyl)-WN-(5-hydroxy-1-

pyridinemethylene) hydroxylamine chloride.
O-(2-Methyl-1-naphtylmethyl)-N-(5-hydroxy-1-methyl-2-

pyridinemethylene) hydroxylamine chloride.

1ethyl-2-

0-(2,3,4-Trimethoxybenzyl)-N-(S-hydroxy-1-methyl-2-

pyridinemethylene) hydroxylamine chloride.

O-(3,3-Diphenylpropyl)-N-(5-hydroxy-l-methyl-2-

pyridinemethylene) ll*yftll|t13;‘eil:[r1]j“r1f‘ chloride.
O-Methyl-N-(8-hydroxy-1-methyl-2
hydroxylamine chloride.

O-{p-Chlorobenzyl)-N-(5-hydroxy-1-methyl-2-

yyridinemethylene) hydroxylamine chloride.
L | "i L L |

O-(p-Cyanobenzyl)-N-(5-hydroxy-1-methyl-2-

pyridinemethylene) hydroxylamine chlorde.
(2
pyridinemethylene) hydroxylamine chlonide.
O-(p-Carboxy benzyl)-N-(5-hydroxy-1

pyridinemethylene) lnq;r(iJ:(J:t}ytl¢1113n111<= chloride.
O-(p-Methoxybenzyl)-N-(5-hydroxy-1

pyridinemethylene) hydroxylamine chloride.

Q-

O-{p-Dimethylaminocarbonyloxy benzyl)-IN-(5-hydroxy- 1-

methyl-2-pyridinemethylene) hydroxylamine chiloride.

O-(p-Propylaminocarbonyl benzyl)-N-(5-hydroxy-1-

roethyl-2-pyridinemethylene) hydroxylamine chiloride.

O-(p-Ethoxycarbonyl benzyl)-IN-(5-hydroxy-1-methyl-2-

pyridinemethylene) hydroxylamine chloride.

O-Benzyl-N-[5-(N'N'-dimethylcarbamoyl)hydroxy-1-

methyl-2-pyridinemethvlene] hydroxylanane chloride.

O-Benzyl-N-[5-(N',N'-diethylcarbamoyl)hydroxy-1-

methyl-2-pyridinernethylene] hydroxylamine chloride.
O-Benzyl-N-
methyl-2-pyridinemethylene] hydroxylamine chloride.
O-(Diphenylmethyl)-N-[5-(N'
hydroxy-1-methyl-2-pyridinemethylene.
chloride.
O-({Diphenylmethyl)-IN-
hydroxy- 1-methyl-2-pyridinemethylene
chloride.

[5-[N'-(2-fluoroethyDcarbanwoyl]

3-(N' N'-dimethylcarbamoyl)

-(N' N'-DimethylcarbamoyDhydroxy-1-methyl-2-

-pyridinemethylene)

-Hydroxy-4-nitro  benzyl)-IN-(5-hydroxy- L-methyl-2-
-methyl-2-

~-methyl-2-

(5-(N' N'-diftuoroethylcarbamovhhydroxy-1-

~-isopropylcarbamoyl)
hydroxylamine

hydroxylarmine
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O-(p-Methoxybenzyl)-N-[5-(N' N'-dimethylcarbamoyl)
hydroxy-1-methyl-2-pyridinemethylene] hydroxylamine
chloride.

O-(p-Methoxybenzyl)-N-[5-(N' N'-dimethylcarbamoyl)
hydroxy-1-ethyl-2-pyridinemethylene] hydroxylanine
chloride.

O-(p-Methoxybenz *5fl )-IN-[S5-(N',N'-dimethylcarbamoyl)
hydroxy-1-benzyl-2- ]g:3:1:1(iJLtlf,13r1t=1]3L5r]j: ne] hydroxylamine
bromide.

O-(p-Methoxybenzyl)-IN-[5-(IN', 't*I' -dimethylcarbamoyl)
hydroxy-1-(1-naphtylmethyl)-2-pyridinemethylene]
hydroxylammine chiloride.

O-(p-Methoxybenzyl)-N-[§-(N'N'-dimethylcarbamoyl)
hydroxy-1-(2-methyl-1l-naphtylmethyl)-2-
pyridinemethylene] hydroxylamine chloride.

O-(p-Methoxybenzyl)-N-[5-(N' N'-dimethylcarbamoyl)
hydroxy-1-diphenylmethyl-2-pyridinemethylene]
hydroxylamine chloride.

O-(p-Methoxybenzyl)-N-[5-(N',N'-dimethylcarbamoyl)
hydroxy-1-{(2-hydroxy-4-nitro benzyl)-2-
pyridinemethylene] hydroxylamine chloride.

O-(p-Methoxybenzyl)-IN-[5. (PI‘JW"I‘JW!-ljtiliﬂlf‘liflﬁf]l( arbamoyl)
hydroxy-1-(p-carboxy benzyl)-2-pyridinemethylene]
hydroxylamine chloride.

O-(p-Methoxybenzyl)-IN-
hydroxy-1-(p-cyanobenzyl)-2
hydroxylamine chloride.

O-Benzyl-N-( 1-benzyl-3-hydroxy-2-
hydroxylamine bromide.

O-Benzyl-N-(1-benzyl-5-hydroxy-2-pyridinemethylene)
hydroxylamine bronude.

2-[[(Aminocarbonylyhydrazono Jmethyl
methyl pyridinium chloride (3a).

2-[[(Aminocarbonylhydrazono methy:
methyl pyridiniwm chloride.

2-[{Aminothiocarbonv)hydrazonojmeth;
methyl pyridinium chloride.

2-[[{Aminothiocarbonyhhydrazono]methyl |-5-hydroxy- 1-
methyl pyridinium. chloride.

2-Hydrazonomethyl-3-hydroxy- 1-methyl pyridinium. chlo-

S5(IN'"N'-dimethvlcarbanwoyl)
-pyridinemethylene

pyridinemethylene)

-3-hydroxy-1-

|-5-hydroxy-1-

]-3-hydroxy-1-

ride.

2-Hydrazonomethyl-3-hydroxy-1,6-dimethyl pyridinium
chloride.

2-Hydrazonomethyl-S-hydroxy- 1-methyl pyridiniam: chlo-
ride.

I-Methyl-2-(3-hydroxy-1-methyl-2-pyridinemethylene)
hydrazine chloride.

l-Methyl-1-phenyl-2-(3-hydroxy-l-methyl-2-
pyridinemethylene) hydrazine chloride.

)-(3-hydroxy-1-methyl-2-pyridinemethylene)
hydrazine chloride.

1-(2,4-Dinitrophenyl)-2-(3-hydroxy-1-methyl-2-
pyridinemethylene) hydrazine chloride.

1-Naphtyl-2-(3-hydroxy-1-methyl-2-pyridinemethylene)
]trj;tiJrzli,iJulf, 1_]rtltjnriijhf

]tljftihralszjjnlf, thtLlllﬂF]leEf.
I-Methyl-1-phenyl-2-(S5-hydroxy-1l-methyl-2-
pyridinemethylene) hydeazine chloride.

60 1.1-Diphenyl-2-(5-hydroxy-1-methyl-2-pyridinemethylene )

o

3.0

hydrazine chloride.
1-(2,4-Dinitrophenyl)-2-(5-hydroxy-l-methyll-
[)1f]'1thLrlt,]ﬂtlt*tljt5rl¢=1uuf ) hydrazine chloride.
1-Naphtyl-2-(5-hydroxy-1-methyl-2-pyridinemethylene)
hydrazine chloride.
1-Methyl-2-( 1,6-dimethyl-3-hydroxy-2-pyridinemethylene)
hydrazine chloride.
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1-Methyl-1-phenyl-2-(1.6-dimethyl-3-hydroxy-2-

pyridinemethylene) hydrazine chloride.
1,1-Diphenyl-2-(1,6-dimethyl-3-hydroxy-2-
pyridinemethylene) hydrazine chloride.
3-Hydroxy-1l-methyl-2
hydrazono|methyl] ;gngurilitillj”tlxlnL chloride (3b).
L,6-Dimethyl-3-hydroxy-2-[[(N-phenylaminocarbonyvl)
- hydrazono|methyl] ;[::;1r111111111L111]| chloride.
S-Hydroxy-1-methyl-2
ttiztjhr‘adzi ne |11]1=1 tlif]ll J[)‘ﬂ]flijhlllllLl[l] c*lllit:rjuclt,.

:t[j?ljﬁfili!dil[l(]{[[l]ﬁilﬁtljf]tl ]Fljf]:lijhilliﬂutrll.Itlllljiitihﬁlft.
2-|[(N.N-DiphenylaminocarbonylhydrazonoJmethyl]-3-
hydroxy-1-methyl *[Jifl'iqjtillj’tllle chloride.

L,6-Dimethyl-3-hydroxy -2-[[(IN-phenylaminothiocarbonyl)
hydrazonomethyl] pyridinium chloride. |

1,6-Dimethyl-2-{[(NN-diphenylaminocarbonyl)hydrazono]
methyl]-3-hydroxy pyridinium chloride,

2-[[ (N N-Dimethylaminothiocarbonyl)hydrazono]methyl]
3 lilﬁ’(i]'{];E y-1-1methyl pyridinium chloride.

2-[[(N-EthylaminothiocarbonyDhydrazonojmethyl]-3
hydroxy-1-methyl ]Flj?]‘l(iJL[l]lJl[I] chloride,

3-Hydroxy-1-methyl-2-[[(N-naphtylaminocarbonyl)
hydrazonolmethyl] ];{SFljlillqtlllJUE[l chloride.

2-[[IN-(1-Chloro-2-naphtyl)amino carbonyl] hydrazono]
methyl}-3-hydroxy-1-methyl pyridiniorn chloride,

S-Hydroxy-1-methyl-2-[[(N-phenylaminothiocarbonyl)
hydrazomo]rethyl] pyridininm chloride.

2-[[ (N N-Diphenylaminocarbonylhvdrazono methyl]-5-
hydroxy-1-methyl pyridinium chloride.

a-| [(N,N-Dimethylaminothiocarbonyl)hydrazonomethyl]-
S-hydroxy-1-methyl pyridinium chloride.

&~ [ (N~ ]Ethl]}}rljah[[]JlIl1hlt]hlliLl£# arbonylhydrazono]:
hydroxy-1-methyl pyridinium chloride.

5-Hydroxy-l-methyl-2-[[(N-naphtylaminocarbonyl)
hydrazono]methyl] pyridinium chloride.

=L [[(N-{1-Chloro-2-naphtyl)amino carbonyl] hydrazono]
methyl]-5-hydroxy-1-methyl pyridininm chloride.

1-Methyl-2-[ [(N-phe [l‘f][E[[l]d[tl<]H::ﬂﬂ[1jHE¥Ilijl]ﬂt[jftjdfElJEIJHEl():I[]]ufﬂflljyﬁl]
[J‘r]“]lelI]JLllI]JL chlonide (3d).

Z-l[{Aminocarbonyl)hydrazono]methyl ] 3-(N,IN-
dimethylcarbamoyDhydroxy- 1-methyl pyridinium chlo-
tide (da).

-l (Aminocarbonylyhydrazono|methyl]-3-(IN,N-
dimethylcarbamoylDhydroxy-1,6-dimethyl pyridiniom
chloride.

Z-[[(Aminocarbonyl)hvdrazonolmethyl]-S-(IN,N-
dimethylcarbamoyDhydroxy-1-methyl pyridizium chlo-
ride.

3-(N,N-Dimethylcarbamoyhydroxy-1-methvl-2-[ [(IN-
phenylaminocarbonylhydrazonomethvl] pyridinium
chloride (4b).

3-(N.N-Dimethylcarbamoyl)hydroxy- l-methyl-2-[ [{IN-
phenylaminocarbonyl)hydrazono]methyl] pyridinium
chleride.

2-(3-Hydroxy-1-methyl-2-pyridinemethylene)-1-[2-( 1-
pyridinivinyacetyl] hydrazine dichloride (5a).

2-(1,6-Dimethyl-3-hydroxy-2-pyridinemethylene)- 1-[2-{ 1-
]FFjFIii(1jﬂ[[ilJﬂ[[l]lEUEHL,tjf] | hydrazine dichloride.

2-(5-Hydroxy- l-methyl-2-pyridinemethylene)-1-[2-( 1-
pyridinium)acetyl | fl]fijhfniJEJL[lf‘ dichloride.

2-(3-Hydroxy-1-methyl-2-pyridinemethylene)-1-[2-
(trimethylanmmonium)acetyl] hydrazine dichloride.
L-|2-(4-Chloro-1-pyridininm)acetyl]-2-(3-hydroxy-1-
methyl-2-pyridinemethylene) hydrazine dichloride.

2-(1,0-Dimethyl-3-hydroxy-2-pyridinemethylene)-1-]2-
(trimethylammonium)acetyl] hyvdrazine dichloride.

ethyl]-2

-LH{N-phenylaminocarbonyl)

- L(N-phenvylami inocarbonyl)
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2-(L,6-Dimethyl-3-hydroxy-2-pyridinemethylene)- 1
chlore- L-pyridinium)acetyl] hydrazine dichloride.

1-[2-(3-Carboxy-1-isoquinoliniom)acetyl}-2-(3-hydroxy-1-
[I]i’IJflj?]--s. pyridinermethylene) hydrazine dichloride.

5 1-[2-(2-Carboxy-4-methoxy-1-quinolinium)acetyl]-2-(3-
hydroxy-1-methyl-2-pyridinemethylene) hydrazine
dichloride.

2-(3-Hydroxy-1-methyl-2-pyridinemethylene)-1-[2-
hrydroxy-1-pyridiniwm)acetyl] hydrazine dichloride.
10 Z-(3-Hydroxy-1-methyl-2-pyridinemethylene)-1-[2-(1-
methyl-L-piperidinium)acetyl hydrazine dichloride.
a-(5-Hydroxy-1-methyl-2-pyridinemethylene)-1-[2-
(trimethylammonium)acetyl] hydrazine dichloride.
1-[2-(4-Chloro-1-pyridininm)acetyl]-2-(5-hydroxy-1-
15 methyl-Z-pyridinemethylene) hydrazine dichloride.
1-[2-(3-Carboxy-1-isoquinolininn)acetyl]-2-( 5-hydroxy-1-
methyl-2-pyridinemethlene) hydrazine dickloride.
12-(2-Carboxy-4-methoxy-L-quinolinium)acetyl]-2-(5-
li;}rijtrlurzzgy -l-methyl-2-pyridinemethylene) hydrazine
dichloride.
L-(S-Hydroxy-1-methyl-2-pyridinemethylene)-1-
l];}ntlljhn: y-1-pyridinium)acetyl] hydrazine dichloride.
2-(5-Hydroxy-1-methyl-2-pyridinemethylene)-1-]2-(1-
- methyl-1-piperidiniumjacetyl] hy iEll.HLZJlIlf‘ cichloride,

[2-(4-

(3~

1-

'l VL
IE'J

2-(3-

25 2-(1-Methyl-2-pyridinemethy f1:=1[1<= L-[2«( 1-pyridinium)

;lt:<=l“yfl] hydrazine dichloride (5b).
O-Benzyl-N-(1,6-dimethyl-3-hydroxy-2-

pyridinemethylene) hydroxylarmine chloride.
1-(1-Methyl-3-(N ,N-dimeth y lcarbamoyloxy)-2-

30 pyridymethylene)-4-(2,6-dichlorophenvyl)
:tlj}HEEEHEElf‘(:E[[1tb()}§}ﬂtll]dhtlfi Todide.

I-(1-Methyl-3-(N,N-dimethylcarbamoyloxy)-2-
pyridvme t.l1 ylene)-4-(4-methoxyphenyl)
diazanecarboxamide Iodide.

35 1-(1-Methyl-3-(N,N.- lj[i‘tl].f:?t]jtjp’].t:;atlrlzrztltrtnt>j5r]l1:rzﬁ::p'}|--i!.-
pyridymethylene)-2-(2,4,6.trichlorophenyl)diazine
Todide.

L-(1-Methyl-3-(N,N-dimethylcar ljlcllrrxlcr*yr]ll XY )2
pyridymethylene)-4-(4-chlorophenyl)

40  diazanecarboxamide Todide.

l-(1-Methyl-3-(N,N-dimethylcarbamoyloxy)-2-
pyridymethylene)-4-(2,6-dimethylphenyl)
diazanecarboxamide Todide.
1-(1-Methyl-3-(N,N-dimethylcarbamoyloxy)-2-
5 pyridymethylene)-4-(2,6-difluorophenyl)
diazanecarboxamide lodide. I-(1-Methyl-3-(N,N-
dimethylcarbamoyloxy)-2-pyridylmethylene)-4-(2-
ethoxyphenyl)ydiazanecarboxamide Todide,
1-(1-Methyl-3-(N,N-dimethylcarbamoyloxy)-2-
pyridylmethyvlene }-2-(4-flucrophenyldiazane Iodide.
1-(1-Methyl-3-(N.N-dimethylcarbamoyloxy)-2-
pyridylmethylene) 4- -(3-nitrophenyl)diaranccarboxamide
1odide
(l-methyl-3-(N ,N-dimethylcarbamovloxy)-2-
55 pyridylmethy l,<: ne)-4-(2,6-dichlorophenyl)
diazanecarboxamide Iodide.
1-(1-Methyl-3-(N,N-dimethylcarbamovloxy)-2-
pyridylmethylene)-4-{4-bromophenyl)
diazanecarboxamide Todide.
It has been found that the novel pyridinium compounds of
this invention are good acetvlcholinesterase inhibitors in
vitro as shown in Tables Tand 1L The pyridinium compounds
also have good activity in vivo as prophylactics and anti-
dotes against nerve agent poisoning as shown in Tables
V1.
Competitive Inhibition of
reversible imhibition

[ o

50

6

b5 |
Acetylcholinesterase. The
studies on electric eel and bhuman
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erythrocyte AChE were performed at 257%£1° . in pH 7.6,
0. IM phosphate buffer containing 4% ethanol using S-acetyl
thiocholine as a substrate (Ellmarn, (. L., Courtney, D.,
Andres, V., and Featherstone, R. M., Biochem. Pharmacol.
1961, 7, 88). For analysis of AChE inhibitory potency,
electric eel AChE was dissolved in buffer. Human erythro-
cyte AChE was dissolved in a 0.01M borate buffer (pH 10.2)
containing 0.01.% protease free bovine sermmn albomin. 5,5
Dithiobis(2-nitrobenzoic acid) (DTNEB) and
S-acetylthiocholine were preparead in phosphate buffer. All
inhibitor solutions were also dissolved in phosphate bufter;
some required the addition of 95% ethanol. Increasing
absorbance during substrate hydrolysis was monitored on a
Varian DMS-90 spectrometer. Duplicate studies were per-
formed on separate days using fresh solutions. No time
dependent inhibition was observed over a period of at least
one hour, Using three different substrate concentrations and
four inhibitor concentrations. a Dixon plot (L/activity vs.
inhibitor conc.) was made and the K, values determined. The
K, value is the dissociation constant of the enzyme-inhibitor
complex. Inhibitors with lower K, values are more potent. In
the case of poor imhibitors an IC,, was determined by
plotting AChE activity vs inhibitor concentration. Only
values between 10% and 90% inhibition were used. The
xact procedure is as follows,

First, 20 pl of S-acetylthiocholine (0.0735M) and 100 pL
of DINB (0.10M) were mixed together with phosphate
buffer. Inhibitor was then added and the solution mixed well.,
Next, 50 uL, of electric eel AChE (1.5 units/ml.) was added
and the solution mixed again. With human enzyme, 20 L of

1 2 units/mL. stock solution was added. Increasing absor-
bance was monitored at 412 nm. Controls were used tor each
run in the case of inhibitors that absorb highly at 412 nm.
Hydrolysis rates of all inbibitors were negligible. Total
volume and organic solvent, if amy, was kept constant.

Aldoximes {1a,b,d.e) showed pure competitive inhibiticn
of AChE whereas the semicarbazones (3a,b, 4b) and acyl
hydrazones (5a, 5b) showed mixed-type inhibition of AChE
(linear, noncompetitive). Results are summarized in Table L.

The 3-hydroxy substituted aldoximes did not inhibit
either enzyme well, but did show some selectivity for the
electric eel enzyme. The 3-hydroxy derivative of Z2-PAM
was also tested and did not inhibit either enzyme at con-
centrations up to 1 mM. Addition of a benzyl group to the
aldoxime of 3-hydroxy-2-PAM (1b) improves binding and
1b has an IC., of 500 puW with electric eel AChE. The
methylaldoxime lc¢ did not inhibit either enzyme at concen-
trations up to 1 M. Without the 3-hydroxy substituent,
tighter binding occurs and K, values of 40 pM and 100 uM
were observed with eel and human enzymes respectively for
the benzyl aldoxime la.

The bis-pyridinium. acyl hydeazones Sa-b were the tight-

est binding reversible inhibitors with 5a having K, values of
10 and 20 uM with electric eel and human erythrocyte

AChE, respectively. However, 3-hydroxy substitution did
not have the same effect on acyl hydrazones as with the
aldoximes. In this case a 3-hydroxy group improved the
binding to AChE. The complex. Kinetics of 5b indicate at
least two different binding modes for this inhubitor. At
concentrations up to 75 pM, Sb acts as a nonconmpetitive
inhibitor. However, at higher concentrations, 3b 15 an
uncompetitive inhibitor. Only noncompetitive kinetics were
observed. for 5a.

All of the semicarbazones (3a.b, 4b) also exhibited non-
competitive kinetics. In addition, mmltiple binding was
observed and compound 3b had two distinct K, values of 30
M andl 340 pM with electric eel AChE. Addition of a phenyl
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group to give the semicarbazone 3b resulted in a decrease of
the 1C., to 240 uM with the human enzyme. From the
kinetic results, it appears that binding in a hydrophobic
pocket near the active site is the most important interaction
for the sernicarbazones. Compound 4b is the most indicative
of this trend. Unlike all other carbamates, it is not a time
dependent inhibitor indicating that its position near the
active site serine is not equivalent to that occupied by the
aldoximes 2a-¢ in the FE.I complex. Also, the 3-hydroxyl
group does not negatively influence binding as with the
3-hydroxy aldoximes which further indicates that binding of
the semicarbazones is different from the aldoximes.

Inhibitory data with acetylcholinesterase with halogen
substituted semicarbazones and hydrazones are shown in the
following table.

TABLE

..----------------------------.---------.--.-...---.-.-----------------------------------.---.-----------------I
Kinetic Constants for the Reversible Inbibition of Electric Eel

Imhibitor Concentration (mM) % Inhibition
(1 -methyl-3-(N,N-dimethylcarbamoyloxy)-2-pyridylmethylene)-2-
(24,6 richiorophenyldiazine 1odide

0435 82
0.35 TS
0.13 48

(1 methoyl-3-(NN-dimethylearbamoyloxy)-2-pyrudylmethylene)-4-(2,6-
dichlorophenyldiazinecarboxzonide 1ocdide

0.32 49

Irreversible Inhibition of Acetylcholinesterase. The irre-
versible inhibition stuclies of electric eel and human eryth-
rocyte AChE were performed at 25°+1° C. 1 (.1M phos-
phate buffer. Inhibitor and enzyme were incubated in &
buffer solution of 1.0 L total volumeé and 100 pl. aliquots
were taken at 1 min intervals. The aliquots were added to
freshly prepared assay solutions containing 20 pl. of
S-acetylthiocholine, 100 pl. of DXINB, and 2280 pL. of
buffer. Increasing absorbance was monitored at 412 nm.
Pseudo first order inhibition constants were determined by
measuring the enzymatic activity of acetylcholinesterase
after incubating the enzyme with inhibitcr for various time
periods. Second order inhibition rate constants k., /[ are

bel 1] Values are
more potent. Half-lives for inactivation ranged from 10.5
min for 4a to about 9 sec for 2¢. The k , J[I] for 2¢ was
estimated at >110,000M™*s™ because its rapid inactivation of
AChE made it difficult to accurately determine its inhibitory
potency. Compounds 2a~c are novel analogs of 2-FAM that
also incorporate a dimethylearbamyl substituent that reacts
covalently with AChE, Compounds 2a and 2¢ have greater
anti AChE activity in vitro with human AChE than either
pyridostigmine or physostigimine. A notable selectivity for

i the human enzyme was observed for all of the carbamates.

The semicarbazone 4a inactivated AChE very slowly. In
contrast, the phenyl substituted semicarbazone carbarnate 4b
was not a time dependent inhibitor of AChE over a period of
1.5 hours, unlike all other carbamates tested. Both com-
pounds have similar K, values with electric eel AChE; 4a bas
a K, of 100 pM and 4b has a I, of 85 uM. A X for the human
enzyrne could not be determined for 4a because of its rapud
inactivation of AChE at inhibitor concentrations exceeding
10 times the enzyme concentration.

Animal Studies—Pretreatment Activity. All animal stud-
ies were carvied out at Battelle, Inc.,, in Colurmbus, Ohio. The
results of in vivo mouse evaluations against (D for the
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compounds tested as intranmuscular (i.m.) or oral pretreat-
Il and TV respectively and

ment agents are given in Tables
were obtained as follows. Male ICR mice from Charles
River (20 to 30

60 min, or by gavage 30 or 120 min before challenge wilth
a dose of 2xL.D., of GD (1D =08 pg/kg without atropine,
LD sy=130 pg/kg with 11.2 mgfkg of atropine). The 24 h
LD of the test compounds administered i.m. or orally were
determuined using 5-7 dose groups with 5 animals per dose.,

As a negative reference treatroent, saline was administered

instead of the test compound. As a positive control for
survival, pyridostigmine (0.1 mg/hkg, im.; (.82 mg/ke,
orally) was administered to a separate group of animals. All
pretreatment groups received atropine sulfate (11.2 mg/ke)
and 2-PAM (235 mg/kg) im. exactly 10 seconds after GD
challenge, using a total dose volume of 0.5 mlJ/kg body
weight. All animals were allocated to pretreatment cells in a
randomized block design. Groups of ten mice were used in
each experiment and survivors in each group were noted
after 24 . The 24-hour survival of anitals pretreated with
cach dose of the pyridinium test compound was compared
with the 24-hour survival observed in the negative reference
pretreatment group. A survival difference of at least four is
required to dentify improved efficacy of the candidate over
that observed with the negative reference pretreatment.

Cornpounds Za--d, 4a--b, Sa—-b were excellent pretreatment
agents, affording significant protection against a dose of
22Xy of GD. In all cases saline solution was used as the
baseline standard (all mice die) and pyridostigmine as the
positive control for survival (80-100% of the mice survive).

Carbamate derivatives 2a~2.d showed 70 to 90% survival
ates at selected doses. After 15 nun pretreatment with
compound 2a, 2b, or 2d 90% of mice survive a challenge of
XL, of GD at comparable fractions of the 1.D.,’s for
these compounds (VsslLIDs, of 2a, YLD, of 2b, Yerl.Ds, of
2d). On the other hand, compound Zc afforded a 70%
survival rate under the same conditions but at a Y4e700
fraction of its LID.,.

Carbamate semicarbazones da and 4b and the acyl hydra-
zones Sa and 3b were also very good im. pretreatment
agents. Carbamate semicarbazone 4a was exceptionally
good as a pretreatment agent. Acyl hydrazones 5a and 5b
were also excellent pretreatment agents bt their effective
doses were much closer to their toxic doses than was the
case with 4a. Except for 4a, all remaining pretreatment
agents were more effective when given 15 nuin prior to
Soman challenge. The decrease in efficacy at 60 min may be
due to transformation of the drugs to imactive metabolites
and/or clearance from the animal. It was most noticeable for
acyl hydrazones 5a and Sb, which are doubly charged and
can be excreted more rapidly. All seven pretreatment agents
offered cormparabie or better protection against GD than the
positive control, pyridostigmine.

Carbarnate derivatives Z2a—zc and carbamate semicarba-
zone 4b showed excellent activity in the oral pretreatment
studies, They afforded 80-100 swrvival rates at 120 min
prior to nerve agent challenge while pyridostigmine alone
allowed no survival. In contrast to its good activity in the
im. studies, bis-pyridininm acyl hydrazone 5a was not good
as an oral pretreatrment agent. This may be due to fast
clearance from the animal requiring higher doses that
approach the toxic doge.

Oximes la~1f and semicarbazones 3b, 3¢ and 3d were
nactive in the Lm. pretreatment assay. In the case of
substituted oxime derivatives a 3-hydroxy substitusnt sig-
nificantly reduces drug toxicity (1a>1b). On the other hand
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increasing the steric bulk of the
increases doug toxicity (1b>1c).

Animal Studies-Reactivator Activity. The results of in
vivo mouse evaluations against GD and GA for the com-
pounds tested as OP reactivators are given in Tables V and
Y1 and were obtained as follows. Male ICR. mice from
Charles River (20 to 30 g average weight) were treated with
the pyridinium test compound at three different doses

‘

admunistered i.m. 10 seconds after challenge with 211D ., of
(D or GA (aqueous solation containing 0.9% NaCl). The
test compound was always given simultaneously with atro-
pine sulfate (11.2 mg/ke). As a negative reference treatment
group, atropine sulfate (11.2 mg/kg) and 2-PAM (25 meg/ke)
were given without the pyridinium test compound (no mice
survive). As a positive control for survival, HI-6 (9.6 mg/kea)
was admanistered with atropine sulfate (11.2 mg/kg) to a
separate group of animals. All injections were administered
L. using a dose volume of 0.5 mL/kg body weight. All
amimals were allocated to treatment cells in a randomized
block design. Groups of ten mice were used in each experi-
ment and survivors in each group were noted after 24 h. The
24-hour survival of animals injected wilth each dose of test
compound was compared to the 24-hour survival observed
in the negative reference treatrnent cell. A survival difference
of at least four is required to identify improved efficacy of
the candidate over that observed with the reference treat-
ment. An alternate procedure used on some compounds was
the adjunct efficacy test: the pyridinium test compound was
always given simultaneously with atropine suifate (11.2
mg/lkg) and 2-PAM (25 mg/kg). The rest of the procedure is
as described above.

Carbamate oxime derivatives 2a, 2b, semicarbazone 3a,
carbamate senuicarbazone 4b and bis-pyridinium acyl hydra-
zones 3a and 5b showed significant activity as GID reacti-
vators (Table V). The last two also showed significant
activity as GGA reactivators (Table VI). 2-PAM was used as
the baseline stancard while the positive control used HI-6 as
the reactivator, Carbamate oximes 2a and 2b afforded 50%
and 0% survival rates respectively at a dose Yis of their
LD, ’s. They were also the most toxic of the five derivatives
that showed activity as OP reactivators. The greater inhibi-

L] A

OXyimino substituent

its greater toxicity. A 62 fold increase in k., /(1] accompa-
nied by a 44 fold increase in toxicity indicates that in the
case of irreversible inhibitors a compromise must be reached
between the degree of inhibition that affords protection from

the OF agent and that which prevents the enzyme from

~performing its physiological role. It is noteworthy that 2a
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and actual Zb must be acting as prodrugs of the actual OP
reactivator since they do not possess a nucleophile them-
selves that can displace the CP from the active site of AChE.
In the semicarbazone series, a 3-hydroxy substituent
increases in vivo activity (3a>>3c¢). Semicarbazone 3a
attorded 70% survival rate at Vs of its LD, when given 10
seconds after a challenge of 2x1.1D., of Soman. Semicarba-
zone 3a was also an excellent reactivator when tested in the
adjunct assay: it afforded 90% survival rate when adminis-
tered along with 2-PAM (25 mg/ke) 10 seconds after Soman
challenge. This combination of drugs was more effective
than HI-6 in counteracting Soman intoxication, Carbarate
sernicarbazone 4b afforded 509% swurvival rate at e of its
LIbs, when given 10 sec after a challenge of 2xLD., of

wornan. Bis-pyridininrm acyl hydrazone 5a was an excellent

-

(D reactivator. It afforded 90% survival rate at a dose of 73
rmmol/kg Capprox. “GLID.,) when given 10 seconds after
soman challenge.

Two hydroxy 2-PAM derivatives (1f, 1g) were prepared
and tested for comparison with 2-PAM and with the other
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substituted oxime derivatives reported in this study. The
parent 2-PAM is not an effective reactivator against soman
due to rapid “aging”™ of the inhibited AChE. Adding a
hydroxy substituent to the 3 or 5 position of 2-PAM resulted
in no improvement in reactivating ability concurrent with a
smnall increase in toxicity. In addition, these derivatives were
not significantly better than Z-PAM in the pretreatment
assay. The carbamate of S-hydroxy-2-PAM chloride, coms-
pound 2d, incorporates the structural features of pyridostig-
mine and 2-PAM. It afforded 90% survival rate at a dose Yer
of its LD, when given 15 or 60 minutes pricr to Soman
challenge.

Summary-Animal Studies. The in vivo activity described
herein for some of the novel pyridiniurn compounds of this
invention can be summarized as follows: eight compounds
(2a-2d, 4a, 4b, Sa, 5b) were eflective im. prophylactics
against GD; four compounds (2a-2¢, 4b) were effective oral
prophylactics against GD; six compounds (2a, 2b, 3a, 4b, 5a,
Sb) were good in vivo reactivators against GID; two con-
pounds (5a, 5b) were good. in vivo reactivators against (vA;
five compounds (Za, Zb, 4b, Sa, 5b) were both excelient
prophylactics and good reactivators against (7D, Comn-
pounds 4a and 3a form. a set in which an excellent prophy-
lactic (4a) is transformed by AChE into a good OP reacti-
vator (3a). Structural requirements for prophylactic activity
are a carbamate moiety and/or a second quaternary center.
Since carbamates may act as prodrugs for the actual reac-
tivators (ie. 3a and 4a), the latter structural requirements
also apply for AChE reactivators in addition to semicarba-
zones having a free OH group in the pyridine ring.

Monkey Cogniticn/Memory Studies. The cohort of mon-
keys for this study included the following macaques: 4 aged
male thesus (macaca mulatta), 1 young noature male rhesus,
1 aged female thesus, 2 young mature male pigtails (macaca
nemestrina), 3 yvoung mature female pigtails, and 1 young
mature female cynomolgeous (macaca fascicularis). The
young mature animals were 815 years old and the aged
anirnals were 21--45 years old. The animals were originally
obtained from commercial suppliers or as reproductive culls.

All of these animals had participated in previous diug

studies involving short-term administration of low doses of
agents affecting cogunition/memory. They were allowed to
wash out any prior drug effects for at least 4 weeks prior to
this study. The monkeys were housed in individual stainless
stee]l cages located in the Medical College of Georgla
Animal Behavior Center, an A.A A L.A.C.-approved facility
designed for the care and maintenance of non-human pri-
mates. At certain tirnes when animals are not tested routinely
(during quarantine after arrival or during washout pertods
from drug studies) they were allowed access to an enclosed
outdoor exercise facility on an indivicdual basis. Both cages
and exercise facilities contained perch bars and play objects.
The animals were maintained on water (unlimited) and
standard laboratory monkey chow supplemented with fruits
and vegetables. The animals were maintained on a feeding
schedule sach that approximately 15% of their nonmal daity
(except weekends) food intake was derived from reinforce-
ment food pellets (commercial compesition of standard
monkey chow and banana flakes) obtained during experi-
mental sessions. The remainder was made available follow-
ing each test session. On weekends the animals were fed
twice per day. When not participating in testing sessions, the
animals were permitted to watch television programs to
permit psychological well being. Also, monkeys received
human visual contact and attention each day, especially just
after testing sessions. These protocols for maintenance and
testing of the animals received prior approval by the Insti-
tational Committee on Animal Use for Research and Edu-
cation.
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DMTS (delayed matching to sample) testing tock place
with the animals in their home cage with the room darkened
and the computer and operator isolated frorn the subjects.
Daily sessions consist of 96 trials. Trials Degin by ilbanai-
nation of a sample key with one of three colored discs.
Monkeys were trained to depress the illuminated sample key
and this action terminated illumination of the sample key for
a delay interval lasting (-120 sec. Following the delay
interval, two choice keys (positioned below and to either
side of the stimulus key), but not the sample key, were then
illuminated. One of the two choice keys was the same color
as the sample key had been prior the delay, while the other
(incorrect) choice key was one of the two remaining colors.
If the rnonkey matched (i.e., pressed the choice key which
was the same color as the sample key had been), that
response was rewarded with a 300 mg banana flavored food
pellet. A non-corrective procedure was employed, thus
incorrect responses were followed by a completely new trial.
Following both cerrect and incorrect responses there was an
inter-trial interval of 3 sec. Monkeys exhibit individual
capabilitics to maintain matching performeance following
various delay intervals, and the longest delay chosen for a
particular monkey is that which consistently allows correct
matching at just above chance levels (approximately 60%
correct). In general, the length of delay interval is adjusted
until four levels of performance difficulty are found: 1) the
least difficult O delay (mean==85-100% correct); 2) a short
delay interval (means ranging from 753--85% correct); 3) a
medium, delay interval (means ranging from 05-75%
correct) and 4) a long delay interval representing each
aninmal’s limit in terms of DMTS performance (55-05%
correct). Baseline data was obtained following the 1.n
aclmiinistration of vehicle (stertle normal saline). Drugs were
adnmuinistered L.m. (gastrocnemius muscle) in a volumne of 0.3
ml. At 10 min after drug or vehicle injection, testing panels
were attached to the front of the animal’s home cage and the
trials immediately mmibiated. A minimum dog “washouot”™
period of 2 days was allowed between sessions in which a
drag was administered. Generally, vehicle was administered
on Monday, drug was administered on Tuwesday and
Thursday, and on Wednesday and Friday animals were
tested, but no doug or vehicle was administered. After diag
administration, a retuen o baseline performance was estab-
lished in each animal before again adiministering dg.

Rat Behavicral Stadies. Male, outbred Wistar rats weigh-
ing 250--300 g were obtained from Harlan, Sprague-Dawley
(Indianapolis. Ind.) and housed separately in our animual care
facility for 1 week prior to experimentation. At the time of
the experiment the 40 animals were randomly assigned to
one of 4 treatment groups, a saline vehicle group, or a 50 or
100 or 200 ng/kg 4b group. Vehicle (1 ml/kg body weight)
was administered i.p. 30 min prior to testing in the MoIris
Water Maze apparatus. The apparatus consisted of a water
(room temperature)-filled tub 1.2 m in diameter. A mounting
platform was fixed in place and slightly subrnerged in the
north-west guadrant of the tub. The platform. was stmtlar 1o
hue to the inner surface of tuly so as to make 1t difhicult to
visualize. The tub was always maintained in the same
orientation with respect to visual cues placed on the walls,
etc., around the testing roomu. Rats were tested by placing the
animal in the water facing away from the plattorm. Four
consceutive trials were administered with 10 min between
trials. In cach successive trial the rats were placed first in the
south quadrant of the tub, followed by the north, east and
west quadrants. The time required for the rat to find (place
at least 2 paws) the platform was monitored to the nearest
0.1 sec, All rats found the platform in at least Y0 sec.
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For nicotinic receptor binding assays, rats were decapi-
tated and the brain was removed and dissected over ice.
Cerebral cortical tissue was homogenized (teflon-glass) in
ice cold 50 M Tris-HC1 buffer containing 120 mM NaCl,
S oM KCL 1 mM MgCL,, and 2 mM CaCl, (pH 7.0). The
tissue homogenate was centrifuged at 17,000 1pm (37,223 g)
for 20 min at 0° C. The pellet was washed twice by
centrifugation and resuspended in fresh buffer. The Bio-Rad
protein assay was used to determine the protein concentra-
ton of homogenates with methylated bovine albumin as the
standard. [PH cytisine was used to determine nicotinic
receptor binding parameters according to the method
described by Pabreza et al., [Pabreza, L. A., Dhawasn S. and
Kellar, K. J. ["Hlcytsine binding to nicotinic cholinergic
receptors in brain. Mol. Pharmacol. 39: 9-12(1991)] with
sorme modification. [PH]cvtisine (2 nM) was incubated with
I of 10 concentrations from 0.001 to 100 pM nicotine,
carbachol or 4b and with 0.525 mg protein in a final volume
of (L25 ml at 2° C. for 75 min; 10 pM (—)-nicotine was used
to determine nonspecific binding. Separation of bound from
free ligand was accomplished by rapid filtration (Brandel
Cell Harvester, Gaithersbuarg, Md.) under reduced pressure
(20--25 1mch Hg) through glass fiber filter paper and by
washing with ice-cold washing buffer (Tris-FHCI (50 mM)
4x4 ml). Filter strips were pre-soaked in 0.05% polyethyl-
enetmine for 2 hr. Following the filtration, filters were
placed in 7-ml polypropylene scintillation vials and 4.5 ml
of Scintillation fluid was added. The radioactivity was
measured in a scintillation spectrophotorneter. The fractional
specific binding of ["H]cytisine in the presence of unlabeled
ligand was analyzed using a nonlinear curve fitting program
(Table Curve, Jandel Scientific, Corte Madera, Calif.) which
fits the data to either one or two classes of binding sites and
assists in determining whether the two-site model is better
than the one-site fit of the data. The resulting 1C,, values
represent the mean of 3 separate binding experiments which
were performed in duplicate.

Data derived from the more than 2 treatment groups were
analyzed using one- or two-way analysis of variance
(ANOWVA) with repeated measures. In cases where signifi-
cant differences were found or to compare only 2 treatment
groups, Student’s t-test was employed to determine which
group means ditfered. Means were considered to be statis-
tically signithicant at the p<0.05 level. Statistical coraparisons
for all behavioral studies were made on the baseline data.

In the first series of experiments, 4b was compared with
the nicotinic agonists nicotine and carbachol for the ability
to displace [H]cytisine from binding sites on membranes
derived from rat ceretral cortex. The results of the experi-
ment are presented 1n the following Table. Nicotine specific
fractional binding was fit to a one-site model and exhibited
the greatest potency. Carbachol also was fit to a one-site
model and exhibited about 18 fold less potency than nico-
time. Im contrast, 4b binding fit well to a two-site model in
which the high affinity binding was about 600 fold less
potent than nicotine and about 30 fold less potent than
carbachol. Thus, 4b appears to possess significant, allbweit
weak: affinity for neuronal micotinic receptors. In contrast,
the related carbamate cholinesterase inhibitor, physostig-
mine (which is a tertiary amine at physiological pH) exhily-
ited no selective binding to nicotinic receptors, even at M
concentrations (data not shown).
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TABILE
Companscn of Coroparison. of Cortical Nicotinic Receptor Binding
Parameters as Measured by PHICytisine Displacement.
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Structure of 3-(NN-DimethylcarbamovDhydroxy-1-

methyl-2-[[(N-phenylaminocarbonyDhydrazono jmethy] ]
pyrdinimm chloride (MHIP- 133, 4b) or 1-(1-methyl-3-(N N-
dimethylcarbamoyloxy)-2-pyridylmethylene)-4-(phenyl)
diazanecarboxamide chloride.

In an initial senies of experiments employing 4b in mon-
keys performing the DMTS task we examined a broad range
of doses between 1.25 and 150 pg/kg, i.m. in 5 monkeys in
ascending series. The cohort employed in this series
consisted of 4 aged male rhesus and 1 young matare rnale
pigtail. The dose-response relationship for medinm and long
delay intervals is depicted in FIG. 1. 4b produced a graded.
increase in performance of the DMTS task, particularly at
long delay intervals (0 delay and short delay intervals were
not affected) up to 60 ug/kg. A second peak of activity,
particularly at medium delay occurred at 100 pe/kg.
However, above 70 pg/kg 2 animals would not complete
their sessions, and above 150 ng/ke, a third animal failed to
complete his sessions. When an animal fails to complete a
sesston while on drug regimen it often signifies the onset of
some untoward effect which interferes with task perfor-
mance. The 3 amimals who failed to achieve the highest
doses were from the aged group, and occasionally aged
anmirnals will not complete sessions even in the absence of
drugs. We were able to repeat the 100 pg/ke dose in one of
these animals several months later, and this animal had no
difficulty completing his sessions, and exhibited no apparent
deletetious effect of the dose.

In the second series, an additional 7 animals were tested
with an ascending regimen of 3 doses of 4b, 30, 60 and 100
pgtkg. corresponding to the doses which appeared to provide
the greatest imnprovement in the initial study. One of these
was the aged male thesas mentioned above who was in the
original study, and who did not receive doses higher than 70
pug/dke. Of these 7 animals, one aged male rhesus was a
non-responder, who did not improve performance signifi-
cantly at any of the 3 doses. The possibility existed that this
particular anirnal may have responded to one or more doses
other than the 3 employed, however, this possibility was not
explored and the data for this amimal was omitted firom
further analysis. Examination of the individual data indi-
cated that there was no apparent differences between the



5.714,615

) JI?F

'

responsiveness to 4b between anirmals segregated into
gender, species or age groups. However, these individual
groups were too small to permit rigorous statistical analysis.
Data were combined for performance at 30, 60 and 100
ug/kg for all 11 anirmals of the entire study (omitting the 1
non-responder) and the results presented in FIG. 2. The
improvement observed to the 3 doses was essentially sumtlar
to that observed in the initial study. One difference was that
the improvement in performance obtamed to 100 ng/kg in
the initial study for medium delay intervals was not main-
tained in the larger group. Also, while the dose exhibiting
greatest improvement in the initial study appeared to be the
60 pg/ke dose, in the larger group, improvement appeared (o
“be greatest for the 30 and 100 pg/keg doses. Interestingly,
while performance at long delay intervals for the 60 pg/kg
dose in the larger group did not improve to statistically
significant levels, it appears that some of the inmprovement
was shifted from long delay to medium delay intervals (FIG.
&), Perforrnance was also analyzed during testing on the day
following each administration of 4b. Thers was no signih-
cant improvermment noted on the day tollowing drug adnuin-
istration for any of the doses and for any of the delay
intervals (data not shown). There was also no significant
effect produced by 4b on choice latencies (tirne interval
between saraple illamination and key press).

For each responder in the study a most effective or “best
dose” was selected. For the 7 animals involved in the second
phase this involved 1 of the 3 doses employed. For the 3
anirnals involved in the initial phase, only doses between 30
and 100 pg/kg were considered. Thus, the average increase
in DMTS performance at best dose should be considered a
conservative estimate since only doses from this restricted
range were employed. For the cohort, 5 of the animals’™ best
dose was 30 pg/ke, 1 was 50 pglkg, 2 was 60 pg/kg, 1 was
70 ug/kg and 2 was 100 pg/ke. Thus, the average best dose
was 5448 pglkg. The data for average change in DMTS
performance for best dose is depicted in FIG. 3. Although
there was a statistically significant improvement in overall
performance (all delay intervals combined), there was a
delay-dependent increase in performance with the greatest
and only statistically significant improvement observed for
long delay intervals. Inm fact, at long delay intervals,
improvement averaged 18 percentage points above baseline,
Expressed as percent of baseline DMTS performance. the:
improvement for this group after 4b adrministration averaged
32.2%.

In the final series, 4 groups of voung mature rats were
tested in the Morris Water Maze apparatus. Rats which
received saline (vehicles) prior to testing exhibited a steep
learning curve. Performance (platform finding) required
about 64 sec on average for the initial trial and this decreased
to only about 20 sec by the fourth trial. 4b did not signih-
cantly affect the first or second frial latencies, but the 50 and
100 pg/kg doses produced an increase in the slope of the
learning curve. This was particularly evident on the third
trial.

Animal Studies-—Discussion. While the neurochenucal
basis for the use of cholinesterase inhibitors 1s generally

ascribed 1o their ability to increase symaptic levels of

acetylcholine, this class of compounds when administered
or a chronic basis often results in tolerance to their
pharmmacological, biochemical and toxic actions. Such tol-
erance occurs in two phases, acute and chronic, The latter
phase is usually associated with postsynaptic rmuscarinic
receptor down-regulation. The more acute phase is associ-
ated with a decrease in acetylcholine biosynthesis and

release which is mediated either through activation of
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presynaptic . muscarinic inhibitory feedback receptors, or
through the high imtra-terminal concentration of acetylcho-
line achicved. Imterestingly, two recent reports concur i
thefr findings

that cholinesterase inhubitors may increase

=

rather than decrease acetylcholine release from brain tissue

derived from Alzheimer’s patients (Nilsson, L., Nordberg,

A., Hardy, J., Wester, P. and Winblad, B., Physostigmine:
restores ~“H-acetylcholine efflux from Alzheimer brain slices
to normal level, J. Neural Trans., 67: 275-285 (1986);
Nilsson, L., Adem, A., Hardy, I., Winblad, B. and Nordberg,
A., Do tetrahydroaminoacridine (THA) and physostigmine
restore acetylcholine release in Alzheimer brains via nico-
tinic receptors?, J. Neurai Transm, 70: 357-368 (1987).). It
is not clear why the muscarinic inhibitory circuit is not

activated under these circumstances., however, it is known

that in neuromuscular tissue, presynaptic facilitation by
physostignmine (cholinesterase inhibitor) is
through presynaptic nicotinic receptors. Also, when the
through presynaptic nicotinic receptors. Also, when th

mediated

nicotinic system is fully operative, the muscarinic inhibitory
system is much less effective. If this were true for central

cholinergic neurons, it could explain the apparently inactive

status of the rouscarinic inhibitory feedback system in
Alzheimer’s tissue. .

One study bas indicated that the facilitatory action of
cholinesterase inhibitors on acetylcholine release in Alzhe-
imer’s Disease tissue is blocked by nicotinic antagonisis
such as mecamylamine. While these relationships may seen
circurmstantial, they do help to explain the findings of one of
the inventors and those of others that central nicotinic
antagonists such as mecamylamine prodace significant and
severe memory difficulties in animal models (Dilts, S. L. and
Berry, C. A, Effect of cholinergic drugs on passive avoidance
in the mouse, J. Pharmacol, Exper. Ther. 158: 279285
(1967); Chiappeta, L. and Jaravik, M. E., Comparison of
learning impairment and activity depression produced by
two classes of cholinergic blocking agents, Arch, Int.

Pharmcodyn. Therap. 179 101166 (1969); Goldberg, M.

=1

E., Sledge, K., Hefner, M. and Robichand, K. C., Learning
irnpairment after three classes of agents which modify
cholinergic function, Arch. Int. Pharmacodyn. 193: 226235
(1971); Blozovski, D.. Deficits in passive avoldance learn-
ing in young rats following mecamylamine injections in the
hippocampo-entorhinal area. Exper. Brain Res. 50: 442--44%
(1983)) and in roam (Stolerman, L. P., Goldfarb, T., Fink, R.
and Jarvik, M. E., Influencing cigarette smoking with nico-
tine antagomists. Psychopharmacol. (Berlin) 28: 247259
(1973)). |

These findings underlie the rationale for the present
intvention, that is, to develop a drug that exhibits both
nicoiinic activity and AChE inhibition and thus counld pro-
duce significantly improved memory enhancerment with
respect to that produced by either micotine or an AChI
inhibitor alome. I fact, it has been known since 1966 that
physostigmine can facilitate the pharmacological actions of
nicotine (Armitage, A. K., Milton, A. §. and Morrison, C. I,
Effects of nicotine and some nicotine-like compounds
injected into the cerebral ventricles of the cat, Br. J. Phar-
mac. 27 33-45 (19%66)). This has been attributed to the
ability of nicotine to cause acetylcholine release and through
physostigmine’s ability to prevent acetylchohne degradation
(Balfour, D. J. K., The effects of nicotine on brain neu-
rotransmitter systems, Pharmac. Ther. 16: 2069282 (1982)).

e

The delayed matching-to-sample (DMTS) task allows the
measurement of abilities which are relevant to human aging,
such as attention, strategy formation, reaction time in com-
plex situations and memory for recent events. A simlar

version of this task has been employed to demonstrate
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cognitive impairment in Alzheimer’s disease (ADD) patients
(Irle, E., Kessler, J. and Markowitsch, H. 1., Primate learning
tasks reveal strong impairments in patients with presenile or
senile dementia of the Alzheimer type, Brain Cogn. 6: 429
(1987, It is of interest to note that different classes of
memory enhancing agents do not all produce selective
cffects at long delay intervals. The a.-adrenergic agonist
clonmdine improves DMTS performance to the greatest
extent at medium delays while the AChE inhibitor physos-
tigmine acts more evenly across short, medium and long
delays (Terry, A. V., Jackson, W. J. and Buccafusco, J. J..
Effects of concomitant cholinergic and adrenergic stimula-
tion on learming and memory perforrnance by young and
aged monkeys, Cerebral Cortex 3: 304-312 (1993)). Both
clonidine and nicotine improve performance for at least 24
hr after administration, whereas physostigmine evokes
responses only on the day of administration.

In the present invention, 4b appears to be more nicotine-
like since it appears to affect mainly the long delay intervals.
On the other hand, nicotine evokes an enhancement of
DMTS performance which is still measurable 24 hr after the
imjection {(Buccafusco, I. J. and Jackson, W. J., Beneficial
effects of nicotine administered prior to a delayed matching-
to-sample task in young and aged monkeys, Newrobiol.
Aging 12: 233238 (1991)). The improvement in perfor-
mance to 4b is relegated. to the day of administration. Thus,
4b appears to exhibit characteristics of both physostignuine
and nicotine in the DMTS task, which fits well with the
hypothesis that the drug may emhance memory function
throwgh both AChE inhibition and nicotinic receptor stimi-
lation.

A second feature of this hypothesis was that combining
nicotinic stinmulation with AChE ichibition should result in
a synergistic action on memory performance. Dose-response
studies employing physostigmine or nicotine alone gener-
ally produce improvements of 5-10% points, and generally
increases of this maguitude occur for but one dose in the
series. In the present imvention 4b produced a robust increase
i DMT'S performance up to 14% points over 2-3 doses.

Thus, 4b may exhibit a wider therapeutic response window

than either physostigmine or micotine. The drug improves
memory performance in both young and aged monkeys and
in young rats tested in the Morris Water Maze. It was
interesting that rats and rnonkeys received mnemonic benefit
from simuilar doses despite the differences in the route of
administration and the nature of the task. It is clear, however,
that the effect of the drug at long delay intervals in the
DMTS task, is more consistent with a selective action of the
drug on problenas that are most taxing to memory. The drug
does not act as a stirmnulant, increasing lever pressing activiry,
since choice latencies in the DMTS paradigm were not
affected.

Stmmary. In suwmmeary, 4b is a novel AChE inhibitor
which produces dramatic improvement in memory

performance, particularly for the most taxing challenges to 5

recall. The drog is centrally-active while retaining a perma-
nent positive charge at physiological pH. Tts acetylcholine-
like structure may impart some nicotinic activity which adds
or perhaps synergizes with its AChE inhibiting activity to
produce its mnemonic stomulating action.

Drug Delivery. For the prophylaxis of OP poisoning and
for the treatment of OF overdose, Alzheimer's disease
(senile dementia), presenile dementia of the Alzheimer’s
type, Korsakofts syndrome (psychosis), age-relatsd memory
impairrnent, multi-infarct dementia, Parkinsonian dementia,
Down’s syndrome, and postrawmatic dementiz (dementia
pugiistica), Myasthenia Gravis, high blood pressure,

i
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glaucorma, and abdominal distension the pyridimium com-
pounds of the present invention may be administered orally,
topically or paremterally. The term parenteral as used
includes subentaneous injection, intravenous, intraruscular,
intrasternal injection or infusion techniques. The dosage
depends primarily on the specific formulation and on the
object of the therapy or prophylaxis. The amount of the .
individual doses as well as the administration is best deter-
maned by individually assessing the particular case,

The pbharmaceutical compositions containing the active
ingredient may be in a form suitable for oral use, for
example as tablets, troches, lozemges, aqueous or oily
suspensions, dispersible powders or granales, emulsions,
hard or soft capsules or syrups or elixirs. Dosage levels of
the order to 0.2 mg to 140 mg per kilogram of body weight
per day are useful in the treatment of above-indicated
conditions (10 mg to 7 gms per patient per day). The arnowunt
of active ingredient that rnay be combined with carrier
materials to produce & single dosage form will vary depend.-
ing upon the host reated and the particular mode of adinin-
istration.

For injection. the therapeutic amount of pyridinium com-
pounds of the present invention will normally be in the
dosage range from 0.2 mg to 140 mg/kg of body weight.
Administration is made by intravenous, intrarnuscular or
subcutaneous injection. Accordingly, pharmaceutical com-
positions for parenteral administration will contain in a
single dosage form about 10 mg to 7 gms of pyridinium
compound of the present invention. In addition to the active
ingredient, these pharmaceutical compositions will usually
contain a buffer, e.g. a phosphate buffer which keeps the pH
in the range frorm 3.5 to 7 and also sodinm chloride, manmnitol
or sorbitol for adjusting the isotonic pressure,

A. composition for topical application can be formulated

- as an aqueous solution, lotion, jelly or an oily solution or

suspension. A composition in the form of an aqueous solu-
tion is obtained by dissolving the pyridinium compounds of
the present invention in aqueous buffer solution of pH 4 to
8.5 and if desired, adding a polymeric binder. An oily
tormulation for topical application is obtained by suspend-
ing the pyridinium compounds of the present invention in an
cil, optionally with the addition of a swelling agent such as
aluminium stearate and/or a surfactant.

synthetic Methods. All common chexnicals and solvents

5 were reagent grade or better. The purity of each compound

was checked by "H NMR, mass spectroscopy, thin-layer
chromatography (T1.C), and elemental analysis. Results are
consistent with the proposed structures. Melting points were
obtained on a Buchi capillary melting point apparatus and. |
are uncorrected. ‘H NMR spectra were recorded with a
Varian Gemini 300 MHz NMR spectrometer; chemical
shifts are reported. in parts per million (d) from an internal
tetramethylsilane standard. Mass spectra were recorded on a

Varlan Mat 112s spectrometer. Elemental analyses were

performed by Atlantic Microlab in Atlanta, Ga. 3-Hydroxy-

2-pyridine catboxaldehyde (Stempel, A. and Buzz, E. C., J.

Am. Chem. Soc. 1949, 71, 2969; Ginsburg, S. and Wilson, 1.

n-r )

B.,J. Am. Chem. Soc. 1957, 79, 481, incorporated herein by

reference) was prepared from 3-hydroxy-2-hydroxymethyl
pyridine by oxidation using manganese dioxide

=%

(Demerseman, B, Kiffer, D., Debussche, L., Lion, C., Royer,

R., and S.-Roumanou. H., Eur: J. Med. Chem. 1988, 23, 63,
mcorporated herein by reference). Girard’s reagent “p”

(1-(carboxymethyl)pyridinium chloride),

5 4-phenylsemdcarbazide, and 3-hvdroxy-6-methyl-2-

=

pyridinemethancl were purchased from Aldrich Chemical

Company.
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The oxime, hydrazone, semicarbazone and :a4ﬂﬂ5fl hydra-
zone derivatives describe herein were prepared using stan-
dard methodology., Many different O-substituted hydroxy-
lamines can be prepared l*rsr'lclliﬁvunfll.];tti:htnf:tllJu es (Crrochowski,
E. and Jurczak, )., Synthesis 1976, 682; Schumann, E. L.,
Heimnzelman, K. V., Greig, M. E., and Veldk amp, W.. J. Med.
Chem. 1964, 7, 329, | [l(,(]ﬂ‘[){]ﬂfiltt“ d herein by reference) to
afford the various substituted oximes described hergin. Sev-
cral substituted ]fljfijhfnid_rLllt 5 are commercially available (l.e.
methylhydrazine, 1,1-dimethylhydrazine, 1,1-
diphenylhydrazine, from Aldrich Chemical Co. ) and others
can be synthesized by standard methodclogy (i.e. Hoffiman
ijhﬂ“gfl'ﬁltlilij[()]]l of ureas, reduction of N-nitroso 1[“[)]]1[[)(]ﬂL[[l{1h:,

reduction of diazonium salts) to afford the hydrazone deriva-
1]L\Ft:15 described herein. Several substituted semicarbazides
are commercially available (i.e. 4-phenyl-3-
thiosemicar lJ1H zide, 4.4- 1[[]]Fil]lﬁ‘l] ylsemicarbazide, 4,4-
dimethyl-3-thiosemicarbazide, 4-ethyl-3-
thiosenmic .aJrljnaLz,i114 ) and others can be

synthesized by
standard methodology (reduction of N-pitro ureas), Con-
mercially available Girard’s reagent ““T” ((carboxymethyl)
trimethylammonimm chloride hydrazide) can be used instead
of Girard’s reagent “P” 1o obtain 2-(trimethylamrnoniom)
acetyl hydrazine derivatives similar to Sa and 5b. Other
hydrarides for the symthesis of various acyl hydrazones
described herein can be made by known methodology
(Vogel, A. L. in A Textbook of Practical Organic Chemistry;
Longman Group Limited: London, 1972; pp.976-978,
incorporated herein by reference), which involves the reac-
tion between an amine and ethyl chloroacetate, followed by
reaction with hydrazine hydrate. Conversion of the 3 or
S-hydroxy moiety into a carbamate was accomplished using
N N-dimethylcarbamyl chloride. Other N,N-disubstitated
carbamates can be made by reaction between commercially
available triphosgene and a disubstituted anine, followexl by
reaction with the 3 or 5-hydreoxy pyridine derivative.
N-monosubstituted carbamates can be prepared by reaction
of the free 3-OH group on the pyridine rxing and any of
nnmerous isocyanates that are cornmercially available, In
the case of fluorinated derivatives, the synthesis of the
appropriate fluorcalkylamine (some are coramercially
available) is required, followed by reaction with phosgene to
generate the desired isocyanate. Quarternization of the pyri-
dine nitrogen was carried out using methyl iodide in a sealed
;Efltis;s; pressure vessel and was followed by anion exchange
using a biphasic mixture of silver chloride and the methio-
dide in acetonitrile/water. Other salts of the pyridinium
compounds described herein can be made in similar fashion,

oy methathesis involving the silver salt of the desired
counterion and the methiodide formed in the initial alkyla-
tion of the pyridine nitrogen. The usefulness of this proce-
dure has been studied with 2-PAM. derivatives (Kondritzer,
AL AL, Ellin, . L, and Edberg, L. J., J. Pharm. Sci. 1961, 50,
109, incorporated herein by reference).

The following examples are given to illustrate the inven-

tion and are not intended to limit it in any rnanner:

EXAMPLE 1

Prepacation of O-Benzyl-N-( l-methyl-2-
pyridinemethylens) Hydroxylamine Chloride (1a)

O-Benpyl-N-(2-pyridinemethylene) hydroxylamine.
O-Benzylhydroxylamine hydrochloride (12.77 g, 0.08 mol)
was added to a solution of NaOH (3.2 g, 0.08 mol} 1n 80 ml.

1: 1 EtOH/MH.,O. Pyridine-2-carbaldehyde (7.6 ml., 0.08 mol)
was added to this solution and the r esulting mixiure was
sticred at room. temperature for 10 h. Excess water was

L h
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removed under vacuum and the residue was fractionally

distilled under reduced pressure (14 mm Hg). The product
was obtained as a 1pw=‘[l11ﬂuur oil in the fraction distilling at
£5°-90° C. (11.3 g, 67%). "H NMR (Me,SO-dg) d: 5.25 (s,
2H), 7.24 (t, 1H), 7.32-7.44 (m, 5H), 7.66 (t, 1H), 7.78 (d,
1ED), 8.23 (s, 1H), 8.58 (d, 1H).

O-Benzyl-N-(l-methyl-2-pyridinemethylene)
hydroxylamine iodide. Methyl iodide (14.3 ml., .23 mol)

was added to a solution of O-Benzyl-N-(d-

pyridinemethylene) hydroxylamine (11.3 g, G.05 mol) in 73

ml. of acetonitrile. The resulting mixture was heated in a

pressure vessel at 65 C. for 24 h. The solvent was removed

in vacuo and the residue was triturated with acetone to afford
the product as a light orange solid (17.2 g, 92%). m.p.
125°-7° C. (dec.). "H NMR (Me,SO-dg) d: 4.36 (s, 3H),
5.3% (s, 2H), 7.36-7.49 (m, SH), 8.09 (t, 1H), 8.36 (d, 1H),
8.55 (t, 1H), 8.84 (s, 1H), 9.00 (d, 1)
O-Benzyl-N-(1-methyl-2-pyridinemethylene) hydroxy-
lamine chlcride. Silver chloride (freshly prepared from 14.6
g AgNQ, and excess conc, HCL) was added to a solution of
16.2 g {0.05 mol) of O-Benzyl-N-(1-methyl-2-
pyridinemethylene)hydroxylamine iodide in 800 mL. H.,,.
The suspension was vigorously stirred with a mechanical
stirrer for 4 i at room temperature. The yellow precipitate
was filtered off and the filtrate was concentrated ttji dryness
and coevaporated several times with acetone. Traces of
solvent are removed by evaporation at 50° . in a rotary
evaporator at (.8 o, He overnight. The yellow solid that
remains (11.63 g) is recrystallized from EtOH/acetone with
scratching to obtain 8.1 g (08%) of analytically pure product
as beige microscopic l]1=w=w[lI<:E;, m.p. 145°-6° C. (dec.). Anal.
Caled. for C, H, CIN,OxH,O: C, 61.87; H, 5.93; N, 10.31;
CL, 13.05. Found: C, 61.94; H, 3 .EJ N, 10.31; CL 13.10. *H
NMRE (Me.50-ds) d: 4.38 (5. 3H), 5. 38 (s, 2H), 7.36--7.48
(1, SH), &. (J‘:l (t, ] H), 8.35 (d, 1HD), 8.55 (¢, 1H), 8.86 (s, 1H),
0.08 (d, 1H).
O-(Diphenylmethyl)-N-( 1-roethyl-2-pyridinemethylene)
]tl]?1jL[l,L!Lj?]n¢L[I]]thE;'[ﬂtl]jhl[]'flfi O-(p-chlorobenzyl)}-M-{ 1-methyl-2-
pyridinemethylene) hydroxylamine chloride O-(p-
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methoxybenzyl)-IN-(L-methyl-2-pyridinemethylene)
hydroxylamine chloride O-(1-naphtylmethyl)-N-(1-methyl-
Z-pyridinemethylene) hydroxylamine chloride O-(2-methyl-
l-naphtylmethyl)-N-(1-methyl-2-pyridinemethylene)
hydroxylamine chloride, O-(2,3,4-trimethoxybenzyl)-IN-(1-
methyl-2-pyridinemethylene) ]Jf5ftll*()}§‘yflzilictillt=‘ chloride. ., and
-3, 3-diphenylpropyl)-N-( 1-methyl-2-pyridinemethylene)
hydroxylamine chloride can be made by the same procedure
replacing O-benzyl hydroxylamine in the above example
respectively with. O-(diphenylmethyl) hydroxylamine, O~(p-
chlorobenzyl) hydroxylamine, O-(p-methoxybenzy)
hydroxylamine, O-( 1-naphtylmethyl) hydroxylamine, O-(e-
methyl-1-naphtylmethyl) hyd [1"FJ{‘§’];ELl]]Li]Elt3 , O-(2,3,4-
trimmethoxybenzyl) hydroxyvlamine, an. (1 0-(3,3-
diphenylpropyl) hydroxylamine.

EXAMPLE 2

Preparation of -Benzyl-N-(3-hydroxy- 1-methyl-2-
pyridinemethylene) hvdroxylamine chloride (1b)

O-Benzyl-N-(3-hydroxy-2-pyridinemethylene) hydroxy-
lamine. A solution of O-benzyl hydroxylamine was prepared
by dissolving 2 g of sodium hydroxide (.05 mol) and & g
of O-benzyl hydroxylamine hydrochloride (0.03 mol) inm 50
ol of 50% ethanol-water. To this solution was added 6.13
g of 2-formyl-3-hydroxypyridine (0.05 rnol). The mixture
was stirred for 3 h at room temperature. The precipitate was
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then filtered and air dried to yield 10.3 g (90.3%) of pure
]‘E’E]ijlllt,1 ]]EL.{J 'Erdl"--J‘ 5° I[:‘. ! ] 1 E~II\3[]1L [lZf][Jit ﬂl ) d:9.72 (.a, ][]E]q,

7‘ 33 *1' (m TH) - l ( :5._ ?H, CH.). " Anal. Caled. f.:;i-
CH N0, C, n..E. 41; H, 5.30; N, 12.27. Found: C. 63.34:

H. 5.32; N, l AW
'[:i-{laif;lldfcy.l-zf\[--:;;--I]:E“(l]ﬁ[i)i:ﬁ“—fl:-]][lfﬁt]ﬂﬁjilrfza-{[)jﬂ][i1ijiI]i:JEElfit]]ﬁ}F]JEﬂElE:]I

hydroxylamine chloride. O-Benzyl-N-(3-hydroxy-2-
;[Jgpjrijililuu methylene) hydroxylamine (2.65 g, 11.6 mmol) was
placed in a pressure tube together with 7 g of methyl iodide
and 40 ml of a 2:3 mixture of EtOH/ water. The reaction
nuxture was heated at 65° C. for 20 h and the solvent was
then 1:f:113u:f\ff:<i. in vacuo, The residue was triturated with
acetone to afford 2.50 g (58%) of product as greenish
crystals; mp. 247° C. (dec.). The methiodide salt (4.90 g,
13.2 mmol) was dissolved in 22 mlL of a 1:1 mixture of
acetonitrile and water and freshly made AgCl was then
added (from 4.0 g AgNQ, and excess conc. HCL , washed
well with water). Additional water (15 ml) was zltisjhhacl to this
suspension and the resulting mixture was stitred at room
tenuperature for 40 min. The silver iodide was remowved by
filtration and the filtrate was concentrated to dryness in
vacuo to yield a residue that was triturated with acetone. The
solid that resulted was washed well with acetone and dried
to yield 3.61 g (98%) of product as white crystals; m.p. 146°
C. 'H NMR (DMSO-d,) d: 8.58 (d, 1H, J=5.0 Hz), 8.55 (s,
1H), li:':!(]i (d, 1HL, J="7.3 Hz), 7.90 (d of d, 1H), 7.42 (m, SH),
5.34 (s, 2H), 4.27 (s, 3H). Anal. Caled. for CyaH, N, O, Clx
H,O: C, 56.65; H, 5.78; N, 9.43; Cl, 11.94. Found: C, 'Jﬂf).(]l“i
H, 5.79; N, 9.40; (1, 11.88. |

- O-~(1-Naphtylmethyl)-N-(3-hydroxy-1-methyl-2-
pyridinemethylene) hydroxylamine chloride, O-(2-methyl-
l-naphtylmethyl)-WN-(3-hydroxy-1-methyl-2-
pyridinemethylene) hydroxylamine chloride, O-(2.3,4-
trimethoxybenzyl)-N-(3-hydroxy-1-methyl-2-
pyridinemethylene) hydroxylamine chloride, and Q- (”3i,fi
diphenylpropyl)-N-{3-hydroxy-1-methyl-2
pynidinemethylene) hydroxylamine chioride can be made l:qsr
the same procedure replacing O-benzyl hydroxylamine in
the above example respectively with O-(1-naphtylrnethyl)
hydroxylamine, O-(2-methyl-l-naphtylmethyl)
hydroxylamine, O-(2,3,4-trimethoxybenzyl)
hydroxylamine, and O-(3,3-diphenylpropyl) hydroxy-
lamine, O-(1-Naphtylmethyl)-N-(5-hydroxy-1-methyl-2-
pyrdinemethylene) hydroxylamine chloride, O-(2- 11ttf't11r5rl
l-naphtylmethyl)-N-(5-hydroxy- 1 -methyl-;
pyridinemethylene) hydroxylamine chloride, O-(2,3, dl
trimethoxybenzyl)-N-(5-hydroxy-1-methyl-2
pytidinemethylene) hydroxylamine chloride, and (Z)-n(IHL,EE--
tjlj[];rltlIE:"tt'jr'l*[a'[':*;]cr“5rﬁl') N-(5-hydroxy-l-methyl-2-
pyridinemethylene) hydroxylamine chloride can be made by
the same procedure substitating 3-hyvdroxy-2-pyridine car-
baldehyde for 2-formyl-5-hydroxy .[J]i]E]ijlIlt,.

EXAMPLE 3

Prepacation of O-Methyl-IN-(3-hydroxy- L-methyl-2-
pyridinemethylene) hydroxylamine chloride (1)

O-Methyl-IN-(3- l]‘5”[1[“[!?::9“-;.={[J]fHE]JJtl]]JEﬂE[lf:l]JQ}ilE:]JHE{) t[jrtiartjcsqu—-
larnine. NaOH (1.62 g, (.04 mol) was added to a solution of
methoXxyamine ]Jg;f(llﬂc><,lidt()l*ici¢=- (3.4 g, 0.04 mol) in 30 ml of
H.,0O. 3-Hydroxy-2-pyricline carboxaldehyde (5.0 g, 0.04
mol) was added to the clear solution, followed by 15 ml. of
EtOH. The reaction mixture was stirred at room femperature
for 15 h and concentrated. in vacuo to a minimum volume
(approx. 5 ml). Water (15 mlL) was added to this residue and
the resalting solution was extracted with EtOAc (420 ml.).
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The organic extract was dried (MgS0,), filtered and con-
centrated in high vacoum to a yellow oil that crystallizes
upon cooling in a bath of isopropanol-dry ice to vield 4.83
¢ (19%) of product as a white solid; m.p. 186-7° C, (dec).
'H NMR (CDCL,) d: 9.82 (s, 1H); 8.35 (s, 1H); 8.21 (d of
d, 1H, J=1.5 Hz, J=4.5 Hz); 7.30 (d of d, 1H, J=1.5 Hz, J=8.5
Hz), 7.19 (d of d, 1H, J=4.5 Hz, 1=8.5 Hz).

O-Methyl-N-(3-hvdrogxy-1-methyl-2-pyridinemethylene)
hydroxylamine iodide. Methyl iodide (8.9 mL, 0.14 mol)
was added to a solution of O-methyl-IN-(3- ]trjaujtrw“rs:if' e
pyridinemethylene) hydroxylamine (4.83 g, 32 mmol) in 20
ml. of acetonitrile. The reaction mixture was heated in a
pressure glass bottle at 70° C. for 20 h and then concentrated
to dryness in vacuo. The uauslj[[tidtlg!'1p1=ﬂ[ltnwuy':snzflitjt‘unr*l terturated
with acetone and filtered to yield 7.72 g (829%) of product
which was used in the next step without further purification.

O-Methyl-N-(3-hydroxy-1-methyl-2-pyridinemethvlene)
hydroxylamine chloride. The methiodide obtained in the
previous step (7.72 ¢, 26 mmol) was dissolved in 230 mL of
HL, 0. Freshly made AgCl (7.6 g, 53 mmol) was added to this
solution and the resulting suspension was stirred at room
temyperature for 1.5 h. The reaction mixture was filtered and
the filrate was concentrated to dryness in vacno. The white
solid that resulted was triturated with warm (40° C.) acetone
and filtered to vield 4.35 g (83%) of product; m.p. 186°~7°
C. (dec.). "H NMR (DMSO- dg) d: 8.62 (d, 1H, J=6.0 Hz);
s.4% (s, TH); 8.31 (d, 1H, J=8.5 Hz); 7.93 1’{1 of d, 1H, J=6.0
Hz, J=8.5 Hz). !Sttlilld.' caled. for CgH, (INLC1O.,: C, 47.41; H,
5.47; N, 13.83; 1, 17.50. Found: C, 47.47: H, 5.49; N,
13.76; Cl, 17.43. |

O-Methyl-N-(5-hydroxy- I-methyl-2-pyridinemethylene)
]1r§F(i]f()‘i‘yfléllljtil]f"1”11Ll{31‘i(11“ can be made by the same procedure
replacing 3-hydroxy-2-pyridine aldehyde in the above
e ﬁh;1]1t1[J]hL, nr11t11 z, Ecnqujtljglt--‘:—Jtlwfncltlc}*z*yf [J“y [3[[1] ne. *( )- [ P ( -

];ﬂyrlﬁicli]a'Eﬂr[1::11tujrljantufi) Zt|];1jhrt:cn:3?]JaLrIJJJnuE, 1le(ﬂtl]Jht[3JElf; Cal lunh, ]ﬂ[ltliiJE:
by the same procedure replacing methoxyamine in the above
ii:ELE[[I]]1llE‘ with O-[2-(1-piperidine)ethyl] hydrc 13;1;]L¢Lt111 ne and
O-|2-(dimethylamino)ethyl] hydroxylamine. |

XAMPLE 4

Preparation O-(p-Chlorobenzyl)-N-(3-hydroxy-1-
methyl-2-pyridinemethylene) hydroxylamine
chloride (1d)

O-(p-ChlorobenzyDhydroxylamine hydrochloride. The
hydroxylamine hydrochloride was prepared by hydrazinoly-
sis of the corresponding benzyloxyphthalimide, The phthal-
mnide (15 g, 0.051 mol) was dissolved in DME (75 mlL) and
MeQOH (260 mL) and warmed to §0° C. The solation was
treated with hydrazine monohydrate (5.7 g, (.11 mol) and
allowed to cool to room temperature for 3 h. The mixture

wis acidified to pH 2 with 2N HCI and filtered. The filtrate
Was
ml).

evaporated to dryness and treated with 2IN NaOFH (75

The oily product was extracted with ether, and the
combined ether extracts were washed with FL,O, dried over
anhydrous K,CO,, and concentrated in vacuo. The resulting
oil was treated with ethereal hydrogen chloride to precipitate
3 a white solid. Recrystallization from EtOH
gave the pure hydroxylarnine ]1:5?(11'():,11]bt11:icl:::;ats: shimy white

plates (9.5 g, 96%), m.p. 235° C \"li1* m.p., 245° (.;
h:|”4t|1111nuaLt111 E. [-, ' ]E]1=1 nzelman, R, Y 1[.r[<:1LEr, M. E., and
Veldkamp, W., J. Med. Chem. l'~PE}fI,. 329]. "H NMR

(CDCL,) d: 7.23(s, 4H); 5.00(s, ZH).
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O-(p-CyanobenzyDhydroxylamine hydrochloride, O-(2-

'13[1pwitr1*rﬁ:3;=1—-11dit1ﬂc}l31=1nrz:5rl‘) hydroxylamine hydrochloride, and

O-(p-Carboxy benzyDhydroxylamine hydrochloride can be
made by the same procedure replacing
p-chlorobenzyloxyphtalimide respectively with
p-cyanoben leyr_lch.;L yphtalimide, Z-hydroxy-4-
nitrobenzyloxyphtalimide, and p-carboxybenzyl oxyphtal-
tmide,
O-(p-Chlorobenzyl}-N-(3-hydroxy-2-pyridinemethylene)
hydroxylamine. O-(4-Chlorobenzyl) hydroxylamine hydro-
chloride (9.75 ;zn..fi{J']r[111nut1]”) was neutralized with NaOH (2.0
g. 50 mmol ctissolved in 20 mlL H.0). Ethanol (20 ml.) was

added to solubilize the resulting I1L5f(11JL1: Janmiine. 3-Hydroxy-
Z2-pyridinealdehyde (6.2 g, 50 mmol) dissolved in H,O (150

ml) was added and the mixture heated on a s ijaqaur[1.1t;¢1t]1._[i:nr

30 min. The solution was cooled to room temperature. The
product crystallized out as long pale yellow needles. The
mixture was filtered to isclate the pure product (12.5 g,
06%), m.p. 89°-90° C. *H ]‘J]Bvljfii[ CD(CL;) 4 9.67 (s, 1H);
8.33 (s, 1H); 7.33~7.13 (m, TH): 5.17 (s, 2H). Anal. Calcd.
for C, H,,N.,O,Cl: C,59.43; H, 4.23; N,10.67; (1, 13.49.
Found: C, 59, 43, 3' H, 4.26; N, 10.64; Cl. 13.56.
1z:"'(:]f'--(::]tl][(lﬁl'() benzyl)-N-(3-hydroxy-l-methyl-2-

pyridinemethylene) hydroxyvlamine iodide. A solution of

O-(p-chlorobenzyl)-N-(3-hydroxy-2-pyridinemethylene)
hydeoxylamine (1.0 g, 3.8 munol) in BEtOH (45 mlL) was
placed in a glass pressure tube. Methyl iodide (1 ml., 16.0
mimol) was then added. and the tube was sealed tightly. The
tube was heated at @9° . in an oil bath for 20 h. The solution

was concentrated in vacuo. The oily residue was witurated
with acetone to give the crude product as a yellow solid

(1.46 g, 95%). Recrystallization from acetone gave the pure
product as a shiny yellow solid (0.8 g, 5:2%), m.p. 164°-166°
C. 'H NMR (CDCL/DMSO-d,) d: 8.83-8.67 (m, 2H);
8.13--7.67 (m, 2H); 7.33 (s, 4H); 5.00 (5, 2H); 4.43 (s, 3H).
Anal. Caled. for C,H, IN,OLCH: C, 41.55; H, 3.49; N, 6.Y<;
Cl. 8.76: 1, 31.36, ]F“()l]lﬂi(lq. iZIL, 41.62; H, _i.qfthi,. N, 6.92; (leﬁ
8.71; L. 31.28.
O-~(p-Chlorobenzyl)-N-(3-hydroxy-1-methyl-2-
pyridinemethylene) hydroxylanine chloride. To a sclution
of the cour E,L-[)(]JDDEII]JLE’ ]*ijrrjuciljttllJurtl iodide (1.0 g, 2.47 mumol)
in CH,CN/HL,O (1:1, 15 mlL,) was added i]ftilil]]Ljf made AgCl
(from. 0.54 g éhhgr]‘ll[“ ; and conc. HCL). The rixture was
allowed. to stir at room temperature for 1.5 h. It was then
filtered theough a bed of Celite. The solvent was removed in
vacuo. Trituration of the residue with acetone gave the pure
pyridinium. chloride (0.72 g) in 93% yield, nup. 175°% C.
(dec). *H NMR. (CDCL/DMSO -<i,5 - d: 8.07 (m, 1H); 8.37
(m, 1H); 8.00-7.67 (m, 1H); 7.37 (s, 4H); 5.3 (s, 2H); 4.33
(s, 3H). Anal. Caled. for C, 4]E] 14 ‘J 0, Cl, qu 53.68; H, 4.51;
N, 8.958; (1, 22.64. ]F'(]WJU[I(iu. 5 .in.'ftju, H, 4.56; N, 8.9¢; Cl,

|" 8 :
4‘#‘! dia -..u

O-(p-Cyanobenzyl)-N-(3-hydroxy-1l-methyl-2-
:[)‘f]flilellt‘]1ElE;t]1ljflt‘lUUEﬂ) l]g}’(l]TCJIEHSﬂl:l]ﬂEli]]ji:lEﬂhLl(JﬂfileE:, O-(2-hiydroxy-
4-mitrobenzyl)-WN-(3-hydroxvy-l-methyl-2-
pyridinemethylene) hydroxylamine chloride, and O-(p-
carboxybenzyl)-N-(3-hydroxy-1l-methyl-2-

pyridinemethylene) hydroxylamine chloride can be made by

the same procedure replacing O-(p-chlorobenzyl) hydroxy-
lamine respectively with O-(p-cyanobenzyl)-IN-(3-hydroxy-
2-pyridinemethvlene) hydroxylamine, O-(Z-hydroxy-4-
nitrobenzyl)-N-{(3-hydroxy-2-pyridinemethylene)
hydroxylamine, and O-(p-carboxybenzyl)-IN-(3-hydroxy-2-
pyridinemethylene) hydroxylamine, O-(p-Chlorobenzyl)-IN-

(S-hydroxy-1-methyl-2-pyridinemethylene) hydroxylamine

chloride, O-(p-cyanobenzyl)-N-(5-hydroxy-1-methyl-2-
pyridinernethylene) hydroxylamine chloride, O-(2-hydroxy-
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4-nitro henzyl)-N-(S-hydroxy-1-methyl-2-
pyridinemethylene) hyvdroxylamine chloride, and O- (]gr-
carboxybenzyl)-N-(S5-hydroxy-1l-methyl-2-
pyridinemethylene) hydroxylamine chloride can be made by
the same procedurs replacing 3-hydroxy-Z-pyridine alde-
hyde with. 2-formyl-5-hydroxy pyridine.

EXAMPLE 3

Prepacation of O-(p-Methoxybenzyl)-IN-(3-hydroxy-
1-methyl-2-pyridinemethylene) hydroxylamine
chiloride (le)

O-(p-Methoxybenzyl)-N-(3-hyvdroxy-2-
pyridinemeth, yflf;lli“ ) hydroxylamine. O-(p-methoxybenzyl)
]1ljf(i]‘{)iﬁ ylamine (5.55 g, 29 mmol; Grochowski et al, 1976
and Schumann et al, l‘:'f1=1 vide supra) was added to a

selution of NaOH (1.2 g, 29 mmol) in 15 mlL H,O.
3-Hydroxy-d-pyridine cark naLl{11=]f15rtli= (3.6 g, 29 mmol) was
then added, followed by 15 ml of 5% EtOH and 10 ml. of
acetone. ‘The reaction mixtare was stirred. at room tempera-
ture for 4 h and was then poured over 400 ml., of crashed ice.
Abetge sobd comes out of solution upon scratching the sides
of the beaker. It was filtered, washed with water and dried to
yvield 7.03 g [‘J“ir‘r'“) of ]‘FIW"Htllljiﬂ:; m.p. 79°-81° C. '"H NMR
(CDC1;) d: 9.85 (s, 1H ), 8.38 (s, 1H); 8.19 (d of d, 1H); 7.36
(d ot d, 2H); 7 ”13|1[¢j of d, 1H); 7.18 (d of d, 1H); 6.93 {d of
d, 2H); 5.15 (s, 2H); 3.82 (s, 3H).

O-(p-Methoxybenzyl)-N-(3-hydroxy-l-methyl-2-
pyridinemeth 5?1(*11:= ) hiydroxylamine chloride. ]Hf[t:thLjF]..I(JMHL[(iJE.
(7.2 ml, .12 mol) was added to a soluation of O-(p-
methoxy)benzyl-IN-(3- 'tl*sfti'rw:r}c"gr--’ -pyridinemethylene)
hydroxylamine (3.72 2, 14 mmol) in 60 ml. of acetonitrile.
The resulting nuxture was clivided into three pressure glass
vessels and heated at 70° C. for 3 days. The solvent was

removed in vacuo and the residue was triturated with,
i“1tflf‘l. acetone (3:1); after drying, the methiodide weighed

=)

4.88 g (85%). It was dissolved in 500 mlL H.,( and 300 nal.
of acetonitrile and freshly made AgCl ("’ ed.) was then
added. The suspension was stirred at room temperaoure for
1.5 h and then filtered through Celite. The filtrate was
concentrated 1o dryness in vacuo and the residue was
triturated with acetone/ether (1:1). The vellow solid was
filtered, washed first with acetonefether (1:1). then with
ether and dried to yield 3.57 g (97%) of pure product, m.p.
183°-184° C. (dec.). "H NMR. (ds-DMSO) d: &.57 (d, 1H,
J=06.1 Hz); 8.50 (s, 1H); 8.19 {d, 1EL. J=8.2 Hz); 7.8% (d of
d, 1, J=6.1 Hz, J=8.2 Hz); 7.38 (d, 2H, J=8.7 Hz); 6.95 (d.
ZHL 3=8.7 Hz); 5.25 (s, 2H); 4.26 (s, 3 [i[) » 3.75 (s, 3H). Anal.
Caled. for CH ,CINLO 5,056 HaO: C, 6.53; H, 5.73; N,
5.79; Cl, 11.13. Found: (Zlﬂ..Erfi.:ELZn, ]E]q,.. Ay N, 8.79; (1, 11.18.
O-(p-Dimethylaminocarbonyloxybenzyl)-IN-3-hydrogy-
1-methyl-2-pyridinemethylene) hydroxylamine chloride,
O-(p~propylaminocarbonylbenzyl)-N-(3-hydroxy- L-methyl-
2-pyridinemethylene) hydroxylanuine chloride, and O-(p-
ethoxycarbonylbenzyl)-N-(3-hydroxy- 1-methyl-2-
pyridinemethylene) hydroxylamine chloride can be made by
the same procedoare replacing O-(p-methoxybenzyl)
hydroxylamine in the above example respectively with
O-(p-dimethylaminocarbonyloxy benzyl) hydroxylamine,
O-(p-propylaminocarbonyl benzyl) hydroxylamine, and
O-(p-ethoxycarbonyl benzyl) hydroxylamine. O-(p-
Methoxybenzyl)-N-{(3-hydroxy-1l-methyl-2-
pyvridinemethylene) hydroxylamine chloride, O-(p-
dimethylaminocarbonyloxy benzyl)-IN-(3-hydroxy-1-
methyl-2-pyridinemethylene) hy El]?(];ﬂhif}lcl]][ll]EDE; chloride,
O-(p-propylaminocarbonyl benzyl)-N-(5-hydroxy-1-
methyl-2-pyridinemethylene) hydroxylamineg chloride, and
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O-(p-ethoxycarbonyl © hE‘I]JE.}’l -N-{5-hydroxy-1-methyl-2-
pyridinemethylene) hydroxylamine chloride can be made by
the same procedure - 1=jg>l:1<:1jclgr J-hydroxy-2-pyridine alde-

hyde in the above example with 2-formyl-5-hydroxy pyri-
dine.

EXAMPLE 6

Preparation of O-Benzyl-N-[3-(N' IN'-
dimethylcarbamoyDhydroxy- 1-methyl-2-
pyridinemethylene| hydroxylamine chloride (2a)

O-Benzyl-N-[3-(N' N'-dimethylcarbamoyhydroxy-2-
];[3?1:111L11115:r11|= th 5’[1‘]Elt;1\ ]fl‘?l”L[lLiJi‘y lamine. Dimethylearbamoyl
chloride (7 mL., 76 minol) was added to a solation of 1.5 G
> (11 mmol) of O-benzyl-N-(3-hydroxy-:
pyridinemethylene)| hydroxylamine (prepared as repo rijax_lutlllt
previous page) in 20 mk. of pyridine. The resulting mixture
was stirted at 65° C, for 12 b and poured over 400 mlL. of ice
water, The aqueous solution was extracted with ether (6:<50
ml.); the ether layer was dried (Na,S50,), filtered and
concentrated to dryness to a yellow oil which was coevapo-
ated with H,O and with acetone to remove the remaining
pyridine, T he residue was dissolved in 10 mlL acetone, and
water was added with cooling and stirring until no more
precipitate came out of solution. The white solid was
filtered, washed with water and dried to vield 3.02 ¢ (89%)
of product; mp. 65°-66° C. *H NMRE. (CDCL,) d: 8.54 (d of
d, 1H, J==4 Hz, J=1 Hz); 8.38 (s, 1H); 7.54 (d of d, 1H, J=8.3
Hz, J=1.5 Hz); 7.30--7.43 (m, 6H); 5.30 (s, 2H); 3.06 (s, 3H);
2.97 (s, 3H).

Q-Benzyl-N-[3-(IN' N'-dimethylcarbamoyl)hydroxy-1-
methyl-2-pyridinemethylene | hydroxylamine ‘[(Jiiﬁbilti..zﬂi.E;()]JEL-
tion of 2.95 g (9.9 mmol) of O-benzyl-! NN
dimethylcarbai E[lJ;b]R.lJ)lltjfitl].iJl?ulyf 2 _gmlyrl.IJEIJLIJJE:IJDLc,1_ll;5r]lt::[tt:f]
hydroxylamine and 2.8 mlL, (,14 mmmol) of methyl iodide in
20 ml of El(‘f:i1"rllillri]h"'Eifil heated at ©5° C. in a glass pressure
bottle for 2 days. The reaction mixture was concentrated to
dryness to a dark orange oil which was tricurated with cold
acetone to yield a bright yellow precipitate that was washed
with acetone and ether. After drying the product weighed
4.02 ¢ 1(*9'”"%Er)

O-Benzyl-IN-[3-(IN' N'-dimethylcarbamoyl )]]LSr(iJf(]'FLTf 1-
methyl- ta-]”PjTI][Ell]EhE‘l]]t’1Utl‘?]1 nel hydroxylamine chioride. The
methiodide obtained in the previous step (4.02 g, 9 nmumol)
was dissolvedin 25 ml H,O and 20 ml acetonitrile. Freshly
prepared AgCl (2.61 g, Lii. mraol) was added to this solution
and the res Hll]iﬁlll;ﬂf|SJJIEQFFE‘IlEii1]ﬂ[l'\ﬁ!ilii stirred at room temperature
for 1 h. The reaction mixiture was filtered and the filtrate was
concentrated to dryness to a white solid that was triturated
with warm (40° C.) acetone for 20 min and filtered, The
whilte solid was washed with acetone and ether to yield 3.2
g | (]IJhEL[lt]ltclt] ve) of the pure chlonide, m.p. 150°-152° C.
(dec.); *H NMR (DMSO-d,) d: 9.00 (d, J=5.5 Hz, 1H); 8.74
(s, 1H); 8.59 {d, J==8.4 ]:[:_; 1H); 8.19(d of d, J=8.4 Hz, J=5.5
Hz, 1H): 7.42 (m, SH}; 5.33 (5, 2H); 4.39 (s, 3H); 2.98 (s,
3H); 2.92 (s, 3H). .zﬂhlﬂhELl. Caled. for € oH, CIN;O3x0.45
HL,O: C, 57.04; H, 5.89; N, 11.74; CC], 9.91. Found: C, 56.99;
H, 5.95; N, 11.69; Cl, 9.91.

O-Benzyl-N-| 3-(N" N'-diethylcarbamoyl)hydroxy-1-
;[I]miﬂﬁtljﬂit-iE}f]JQEﬁ[ihﬁlilnuEE[Iliiljttjfljfﬂﬂbfﬁ] hydroxylamine chloride amd
O-benzyl-IN-|3-(N',N'-difluoroethylcarbamoyl )y dirox.y--1-
methyl-2- ]]Qyﬁtijﬁlllju=‘rI]t‘IJtljF]1=]DlE‘] hydroxylarnine chloride can
be made by the same procedure replacimg N, N-
dimethylcarbamoyl chloride respectively with IN,N-
diethylcarbamoyl chloride and N N-difilnoroethylcarbamowl
chloride. O-Benzyl-WN-[5-(N' N'-dimethylcarbamoyl)
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hydroxy-1-methyl-2-pyridinemethylene] hvdroxylamine
chloride, O-benzyl-N-[5-(N"N'-dicthylcarbamoyDhydroxy-
L-methyl-2-pyridinemethylene ] hydroxvlamine chloride and
(J-benzyl-N-[5-(N'. N'-difluoroethylcarbamoyvl)hydroxy-1-
methyl-2-pyridinemethylene] hydroxylamine chloride can
be made by the same procedure replacing 3-hydroxy-2-
pyridine aldehyde with 2-formyl-5-hydroxy pyridine. O-]2-
(1-Methyl-1-piperidinium)ethyl]-N-[3-{N',N"-
dimethylcarbamoyvl)hydroxy-1-methyl-2-
_[Jﬂ"rriiitill1=~rrlt=1jkriz]w=q[mf-] hydroxylamine dichloride, and O-[2-
(trimethylammoniuvm)ethyl|-WN-[3-(N',N"'-
dimethylcarbamoyl)hydroxy-1l-methyl-2 -
pyridinemethylene] hydroxylamine dichloride can be made
by the same procedure replacing O-benzylhydroxylamine in
the above example with O-[2-(1-piperidine)ethyl] hydroxy-
lamine and O-]2-(dimethylamino)ethyl | hydroxylamine.

EXAMPLE 7

Freparation of O-(Diphenylmethy])-IN-[3-(IN'IN'-
dimethylcarbamoyl)hydroxy-1-methyl-2-
pyridinemethylene| hydroxylamine chloride (2b)

O-(Diphenylmethyl)-N-(3-hydroxy-2-
pyridinemethylene] hydroxylamine, O-Diphenvimethyl
hiy l[t“h?LjF]LEL[I]] ne (3.4 g, 14.4 mmol; Grochowski et al, 1976
and Schumann et al, 1964, vide supra) was added to a
solutton of WaOH (0.5%8 g, 14.4 mmmol) in 7 ml of water.
3-Hydroxy-2-pyridine carbaldehyde (1.8 g, 14.4 mamol) was
added to this solution and the resulting mixture was stirred
at room, temperature for 4 h. The white solid in the reaction
mixture was filtered, washed with H,O/EtOH (1:1) and
dried to yield 3.17 ( 72%) of product, m.p. 82°-83° C. *H
NMR (CDCL;) d: 9.60 (s, 1H); .51 (s, 1H): 8.2 (d of d, 1H);
7.30-7.43 (m, 10H); 7.23 (d of d, 1H); 7.16 (d of d, 1H);
6.29 (s, 1ED).

O-(Diphenylmethyl)-N-[3-(W' N'-dimethvlcarbamoyl)
hydroxy-2-pyridinemethylene] hydroxylamine. Dimethvl-
carbamyl chloride (9 ral., 98 mmol) was added to a solution
l[lf?'(:)-4[titi[]IJUE:[l}}]h[[ltti]hpjf]u) N-(3-hydroxy-2-pyridinemethylenec|
hydroxylamine (3.0 g, 9.9 mmol) in 30 mL. of pyridine. The
resulting mixture was stirred at room. texnperature for 14 h
and pouwred over 400 mil. of crushed ice. A white solid
precipitates upon scratching the sides of the beaker, It was
filtered, washed thoroughly with water and dried to yield
3.47 g (94%) of product, m.p. 89°-00° C. *H NMR. (d.-
[ IMSO) i 8.49 (d of d, 1ED; 8.37 (s, 1H); 7.64 (d of d, 1HD);

7.47 (d of d, 1H); 7.42-7.28 (m, 10H); 6.29 (5, 1H); 2.81 (s,
in] I); 2.74 (s, 3H).

O-(L }qL[J]1LE*11 yimethyl)-IN-[3-(IN'",N"- (111111L5't]115r]|L.cL[lt>;111E1<J yi)
hydroxy-1-methyl-Z2-pyridinemethylene] hydroxylamine
chloride. Methyl iodide (2.8 mlL., élt“i'lJJnr[1<:ﬂl) was added to a
solution of O-(diphenyl m: E‘ thy1)-IN-[3-(N',N"-
dimethylcarbamoyl)hydroxy-2-pyridinemethylene’
hydroxylamine (3.44 g, 9.2 nunol) in 40 ml of acetonitrile.
The resulting mixture was divided into two pressure glass
vessels and heated at 70° C. for 3 days. The solvent was
removed 1 vacuo and the residue (4 92 ¢) was dissolved in
a muixture of acetonitrile/water (200 ml.: 200 mL). Freshly
made AgCl (2 eq, washed well 199 ith H.C) was added to this
solution and the resulting suspension was stirred at roomw
temperatare for 2 h. It was filtered through Celite and. the
fultrate was concentrated to dryness in vacuo to aresidue that
was triturated with ether. The white solid was collected by
filtration and dried to yield 3.84 g (989%) of pure product,
m.p. 153°-154° C. (dec.). "H NMR. (de-DMSO) d: 6.06 (d,
1H, J=6.0 Hz); 8.87 (s, 1H); 8.55 (d, 1, J==8.4 Hz); 8.18 (d
of d, 1H, J=06.0 Hz, J=8.4 Hz); 7.45-7.30 (m, 10H); 6.44 (s,
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LH):; 4.35 (s, 3H); 2.8 (5, 3H); 2.79 (s, 3H). Anal. Caled. for
C.,,H,, , CIN,0,x1.19 H,O: C, 6L.76. H, 5.94; N, 9.39; (I,

7.93. Found: C. 61.76: H . 6.02: N, 9.41; Cl, 7.97.

O-(Diphenylmethyl)-IN-[3-(N'-isopropylcarbamoyl)
hydroxy-1-methyl-2. ]"ryrl*itjti11|=f1111=1tt11p”l<=13 el hydroxylamine
chloride and O-(diphenylmethyl)-N-[3-|N'-(2-fluoroethiyl)
carbamoyl] hydroxy-1- rrljeJtlJLjr].-.a, I[Jg&’lT]Jul]“[l1Eu[I]JEEtlhljﬂilfilﬂlf::]
hydroxylanine chloride can be made by the same ]:U[I]HC'“Hﬁll]]‘E‘
replacing NIN-dimethylcarbamyl chloride res Spec tively with
isopropyl 1 Isocyanate,

isccyanate and 2-fluoroethyl
O-(Diphenylmethyl)-IN-[5-(N'-isopropylcarbamoyl)
hydroxy-1-methyl-2-pyridine [I]JEJ.tl:y.lfilj-E:] hydroxylamine
chloride and O-(diphenylmethyl)-N-[5-[N-(2-fluoroetiyyl )
carbamovyl] hydroxy-l-methyl-2-pyridinemethvlene ]
hydroxylamine chloride can be made by the same proceduare
replacing 3-hydroxy-2-pyridine aldehyde with 2-formyl-5-
hydroxy pyridine.

EXAMPLE &

Preparation of O-(p-Methoxybenzyly-IN-[ 3-(IN" I\
dimethylcarbamoyDhydroxy- 1-methyl-2-
pyridinemethylene]| hydroxylamine chloride (Z2¢)

O-(p-Methoxybenzyl)-IN-[ 3-(N",N'-dimethylcarbamoyl)
hydroxy-2- '[J*yuriqjti11¢=' methvlene| hydroxylamine. Dimethy]-
carbamyl chloride (10 ml.. (.11 mol) was added to a solution
of O-(p-methoxy benz y1)-N-(3-hydroxy-2-
pyridinemethylene) hydroxylamine (3.3 g, 122.8 naomol) i 30

ml. of pyridine. The resulting mixture was stirred al room
ternperatare for 14 h and then poured over 400 ml. of

crushed ice. Since it was not possible to induce precipitation
of the product, the aqueous mixture was extracted with ether
(4100 ml.) and the organic extract was concentrated to
dryness in vacuo. The oily residue was coevaporated with
water to remove traces of pyridine and then with acetone.
The 300 MHz "H NMR. of the ]‘E:EH[llijitlgﬂ"Sff‘lleliJH'1Eli] shows no
pyridine or water and was used in the next step without
further purification.

- (]grﬂ1hfllﬁftllf:r};‘y't1<=13'zfjr]L)-—Iﬁli-I;Ei-A(JEGFK;IiI‘--cljttrlxzﬂtt;j}ﬁl¢::anquau[111:ﬁ5rlj}
hydroxy-1-methyl-2-pyridinemethylene] hydroxylamine
chloride, Methyl iodide (2.9 mil. 46.4 mmol) was added to
cach of two pressure ':r].a:s:> t]JﬂtbfiEi 4{3{1111:ati11jt[|g;; a
O-(p-methoxybenzyl ~dimethylcarbamoyl)
hydroxy-2- [J‘yﬂr]Ilelli“][[lt“ilfljf]“E'[lf‘] l]‘yljlti gylamine (3.52 g
mmol, divided imto two) in 40 ml of acetonitrile. The sealed
reaction vessels were heated at 70° C. for 3 days and then the
solvent was removed in vacuo. The ]‘E‘EiLl]1tll];ﬂ' oil crystallizes
upon standing at 0°-5° C. for 14 h ;
acetone/ether (75 ml.). The yellow solid was filtered,
washed with ether and dried to yield 4.94 g (90%) of crude
methiodide. It was dissolved in 1:1 mixture
acetonitrile (200 ml.) and then freshly made AgCl (21 nunol,
washed well with water) was added. The llE.ElLlli]lllfJ suspen-

sion was stirred at room temperature for 2 h and filtered
through Celite. The filtrate was concentrated to dryness in

vacuo and the residue was triturated with 1:1 acetone/ether.
The white solid that resulted was filter
and dried to yield 3.72 g (84.4%) of pure chloride, nup.
145°-6° . (dec.). Anal. Calcd. for C H.,,CIN,O,x0.5
H.O: C, 55 ) 50: H, 5.96; N, 10.81; Cl, 9.12. Found: €, 55.59;
H, 6.03; N, 10.76; 1, 9.17.
(Z)~-(j[)-ébud[t:t]hL(Jzzqgft:125[1:::pfljr-lﬁif-f[iiu-(Ztif',]ﬁl“l-<1Ei111uEft]1r5r]1:waur1*|zt111ucmifﬂ[)
hydroxy-1-ethyl-2-pyridinemethylene]
chloride, O-(p-methoxybenzyl)-N-
dimethylcarbamovl)hydroxy-

G-(N' N

solution of

2, 116

in a2 mixture of

of H,O/

ed, washed with ether
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methoxybenzyl)-N-[3-(IN". N'-dimethylcarbamoyl)hydroxy-
1-( 1-naphtyimethyl)-2-pyridinemethylene] hydrox 3?]1aerlljch,
chloride, O-(p-methoxybenzyl)-IN-[3-[N",N"-
:iﬂi:]]u=ftll*yflt‘*tt1tratllzuzrjﬂi[)lﬂqgrtjhrcjcs;5r-ﬁls-|ﬁ2!-<t1]12ﬂtt1:pit-jl:-11j34pif11;5r13tr1f:lihq5rljl
~2-pyridinemethylene |hydroxylamine chloride, O-(p-
methoxybenzyl)-N-[3-(N' N'-dimethylcarbanoyl ) hydroxy-
| -diphenylmethyl-2-pyridinemethylenc}] hydroxylamine
chloride, O-(p-methoxybenzyl)-N-[3-(IN',N'-
dimethylcarbamoybDhydroxy-1-(2-hydroxy-d-nitrobenzyl)-
2-pyridinemethylene| hydroxylamine chloride, O-(p-
methoxybenzyl)-N-{3-(N' N'-dimethylcarbamoylDhydroxy-
L-(p-carboxybenzyD-Z-pyridinemethylene] hydroxylamine
chloride, and O-(p-methoxybenzyl)-N-[3-(N",N"-
dimethylcarbamoylhydroxy-1-(p-cyanobenzyl)-2-
hydroxylamine chloride can be made by
liflf* same procedure replacing methyl iodide in the above
xample respectively with ethyl iodide, benryl Tromide,
l--ih hloromethyl naphtalene, l-chloromethyl-2-methyl
naphtalene, <hlorodiphenylmethane, 2-chloromethyl-4-
nitrophenol, 4-chloromethyl benzoic acid, and 4-cyano ben-
zyl chloride. O-(p-Methoxybenzyl)-N-[5-(N',N'-
dimethylcarbamoyl)hydroxy-l-methyl-2-.
pyridinemethylene] hydroxylamine chloride, O-(p-
13c1f=t1f1():z“5ft1{:13rzr5rl“r -IN-[S-(N N -dimethylcarbamovyDhydrosy-
[-ethyl-2-pyridine [l]JEEE]]ﬂ}F]JE:[lf:] hydroxylamine chloride,
O-(p-methoxybenzyl)-N-[5-(N', N'-dimethylcarbamoyl)
hydroxy-1- 1*u=~[1:: yl- - I ijF] 1:1LL11:= methylene] hydroxylamine
bromide, O-(p-methoxybenzyl)-N-{5-(N',N"-
dirnethvlcarbamoyDhydroxy-1-(1l-naphtylmethyl)-2-
pyridinemethylene] hydroxylamine chloride, O-(p-
Jactf:titl(J‘:";ftmt=11vzr5rl“h MN-[5-(N' N 4ijtt11|=%tt11yflc"11‘t35111Ub whhydroxy-
1-(Z2-methyl-1-naphtylmethyl)-2-pyridinemethyvlene.
].|§f(11.(J:E“SﬂlillljﬂlIlt: chloride, OQ-(p-methoxybenzyl)-IN-[5-(IN',N'-
dimethylcarbamoyl)hydroxy-1-diphenylmethyl-2-
pyridinemethylene] hydrogxvliamine chloride, O-(p-
methoxybenzyl)-N-[5-(IN' N'-dimethylcarbamoyl)hydroxy-
1-(2-hydroxy-4- 11u11t1.thtrtznrl,zn5r][]n-.;. -pyridinemethylene.
hydroxylamine chloride, O-(p-methoxybenzyl)-IN-[5-(IN',N'-
dimethylcarbamoyl)hydroxy-1-(p-carboxybenzyl)-2-
pyridinemethylene] hydroxviamine chloride, O-(p-
methoxybenzyl)-N-[5-(IN' N'-dimethylcarbamoylyhydroxy-
1-(p-cyanobenzyl)-2-pyridinemethylene] hydroxylamine
chloride can be made by the same procedure replacing
3-hydroxy-2-pyridine aldehyde with 2-formyl-5-hydroxy

- pyridine.

EXAMPLE 9

Preparcation of N-[5-(N,N'-Dimethylcarbamoyl)
hydroxy-1-methyl-2-pyridine methylene.
hydroxylamine chloride (2d)

2-Formyl-5-hydroxypyridine. To a stirred solution of 21.8
g of S-hydroxy-2-picoline (0.2 mol) in 200 ml of glacial
acetic acid was added 18 ml. of 30% hydrogen peroxide
(0,159 mol) in one portion. The muxture was heated in an il
hath at 80°--85° C. with stirring for 3 h. Then another 18 mi
of hydrogen peroxide was added and the mixtare was stirred
for 3 h at the same temperature. Excess solvent was removed
in vacuo followed by the addition of acetone, which caused
the pyridine IN-oxide to crystallize. Without further
purification, 200 ml. of acetic arhydride was added to the
solid and the mixture was heated at 120° C. with stirring in
an oill bath for 2 h. After cocling to room temperature, exXcess
acetic anhydride was removed by high vacaum distillation.
The oily material was again oxiclized with 30% hydrogen
peroxide twice and rearranged with acetic anhydride fol-
lowing the same procedure and amounts depicted above.
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The black oily material obtained was hydrolyzed with 200
ml. of 1IN HCI (0.2 mol) at room temperature for 3 weeks
(hvdrolysis at higher temperature may be harmful to the
pyridine nucleus). The mixture was neutralized with anky-
drous sodium carbonate, indicated by litrous paper and then
extracted three times with 300 ml of diethylether. The

combined ether extracts were dried (MgSQO,), filtered and

evaporated to leave a solid material in a small amount of oil.
The pure product (7.8 g, 3:2%) was obtained by filtering the
solid, followed by washing it with a small amount of ether.
It 15 yellow in color and shows a sharp melting point at
186°-187° C. *H NMR (d-DMSO) d: 11.10 (br. s, 1H, QH):
9.67 (s, 1H, CHOY; 8.35 (d, J=2 Hz, 1H); 7.58 (d, J=9 Hz,
1H); 7.35 (d of d, J=2 Hz, 9 Hz, 1H).

N-(GHydroxy-2-pyridinemethylene) hydroxylamine. To
200 mL of 2.5% (w/w) sodium hydroxide solution was
dissolved 5.5 g of §-hydroxy-2-formylpyridine (45 mrnol).
Subsequently 12.5 g of hydroxylamine HCl (180 mxnol) was
atdded to the solution in one portion. The solution turned
cloudy after being stirred for 10 minutes. After stirring at
room. temperature for 3 h, the precipitate was filtered under
vacuum and dried in the air for several days to yield 4.8 ¢
of N-(i-hydroxy-2-pyridinemethylene) hydroxylamine
(78%). The solid is off white and decomposes at 195° C, "H
NMR (dg-DMSO) d: 1127 (br. 5, 1H); 10.83 (br. s, 1H); 8.18
(d, J=2 Hz, 1H); 8.05 (s, 1H, CH==N); 7.72 (d, J=9 Hz, 1});
7.25 (d of d, J=2 Hz, 9 Hz, 1LH).

N-[5-(N',N'-Dirmethylcarbamoylyhydroxy-2-pyridine
methylenel hydroxylarine. Dimethylcarbamoyl chloride
(5.2 mil, 57 mmol) was added to a solution of N-{5-hydroxy-
Z-pyridinemethylene) hydroxylamine (6.53 g, 47 mmol) in
40 ml of pyridine. It was stirred at room temperature
overnight and then the solvent was removed in vacuo,
leaving a light green paste. The paste was dissolved in a
rinimum quantity of acetone and then tritarated with ethyl
acetate and placed in the freezer overnight, Glassy needles
formed and were filtered and washed with ethyl acetate to
yield 3.0 g of pure product (30%), m.p. 134°-135° .

N-[ 5-(N, W'-Dimethylcarbamoylhydroxy- 1-methyl-2-
pyridinemethylene]| hydroxylanuine chloride. Methyl iodide
(5.3 ml, 85 mmol) was added to a solution of N-[5-(N',N'-
dimethylcarbamoyl)hydroxy-2-pyridine methylene]
hydroxylamine (2.8 g, 13.4 mmol) in 25 mL. of acetonitrile.
The resulting mixtars was put into a glass pressure vessel
and heated at 80° C. for 3 days. The solvent was removed in
vacuo and the residue was dissolved in a mininm. quantity
of acetone, tritwrated with ether and placed in the freezer
overnight. A dark yellow solid resulted and was filtered
under vacuum and washed with 1:1 ether/acetone to vield
3.25 g of the iodide salt, Freshly made AgCl (2 eq, washed
well with water) was added to the jodide salt in acetonitriles
water (60 md/100 mL) and stirred for several hours. After
filtration, the residue was crystallized from acetone/ether
and dred in the air for several days to vield 2.5 g of the
chloride salt (imonohydrate, 72% vield); m.p. 159°--160° .
"H NMR (de-DMSO) d: 9.18 (s, 1H); 8.65 (s, 1H):; 8.40 (d
of 4, 2H, J=2 Hz, 9 Hz); 4.36 (5, 3H); 3.3 (s, H,0); 3.1 (5,
3H); 2.95 (s, 3H). Anal. Caled. for C, H, N3O0, CLH,O: C,
43.25; H, 5.81; N, 15.13; 1, 12.76. Found: C, 43.42; H,
5.815 N, 15.09; (1, 12.87.

N-[3-(N' N'-Dimethylcarbamoyhydroxy-1-methyl-2-
pyridinernethylene] hydroxylamine chloride can be made by
the same procedure replacing 2-formyl-5-hydroxypyridine
with 3-hydroxy-2-pyridine carbaldehvde.,

EXAMPLE 10
Preparation of 2-{](AminocarbonyDhydrazono]
methyl]-3-hydroxy- 1-methyl pyridinium. chloride
(3a)
2-[{{ Aminocarbonybhydrazono methyl]-3-hydroxy pyri-
dine. Sodiunm acetate (2.21 g, 16 mmol) was dissolved in 25
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mlL, of water and then semicarbazide hydrochloride was
added (1.81 g, 16 namol), followed by 3-hydroxy-2-pyridine
aldehyde (2.0 g. 16 mmol). The resulting mixture was stirred
at room ternperature for 2 h. The solid in the reaction
mixture was then filtered, washed with water and. dried to
yield 2.71 g (93%) of the semicarbazone, It was used in the
next step without further purification; m.p.: 215°-217°¢ C.
(dec.).

Z=[| (AminocarbonyDhydrazono]methyl j-3-hydroxy-1-
methyl pyridinjuny iodide, A glass pressure tube containing
a stirring bar was charged with 20 grams (11.1 mmoles) of
Z-[|(aminocarbonyl)hydrazono]methyl]-3-hydroxy

-

pyridine, 2.5 g of barium carbonate, 7.0 g (49.3 mmeal) of
methyl iodide and 30 ml. of DME. The reaction mdxture was
stirred for two days at 65° C. in an oil bath. After that time
the solvent was removed in vacuo, the residue shaken with
30 mlL of warm water and filtered. The filtrate was then
treated with an aqueous solution of H,SO, in amount needed
for the precipitation of Ba** present in the solution. After
collecting Bad(Q),, the filirate was concentrated and crystal-
lized from: a mixture of water and ethancl to afford 2.1 g
(58.3%) of the methiodide salt, m.p. 180°~182° C.

2-t[(Aminocarbonyl)hydrazono]lmethyl]-3-hydroxy-1-
methyl pyridinium chloride. The precesding iodide, 6.0
grarns (15.6 mmol) was dissolved in 150 mlL of water and
stirved with silver chloride precipitated from. a solution of
0.0 g (35.3 mmol) of silver nitrate with excess of aqueous
HCL. After 40 min the reaction mixture was filtered and the
precipitate washed with a total of 100 ml. of warnm water.
Pale yellow crystals of product melting at 230°-232° C.
(dec.) were obtained from the combined filtrate by both
rotoevaporation and precipitation with acetone. Yield 4.12
grams (95.3%). 'H NMR. (D0, TSP) d: 8.45 (s, 1H), 8.56
(d, 1H, I=5.8 Hz), 8.03 (d, 1H, J=8.3 Hz), 7.80 (d, of d, 1H),
4.42 (s, Me). Anal. Caled for C,H,,N,0.,Cl: C, 41.66; H,
4.81; N, 24.28; CL, 15.37. Found C, 41.59, H, 4.85; N, 24.28;
Cl, 15.44. |

Z2-| [(AmincthiocarbonyDhydrazonomethyl]-3-hydroxy-
I-methyl pyridinium chloride, 2-hydrazonomethyl-3-
hydroxy-1-methyl pyridinium chioride, 1-methyl-2-(3-
hydroxy-1l-methyl-2-pyridinemethylene) hydrazine
chloride, I-methyl-1-phenyl-2-(3-hydroxy-1-methyl-2-
pyridinemethylene) hydrazine chloride, 1,1-diphenyl-2-(3-
hydroxy-l-methyl-2-pyridinemethylene) hydrazine
chloride, 1-(2,4-dinitrophenyl)-2-(3-hydroxy-1-methyl-2-
pyridinemethylene) hydrazine chloride, and 1-(2-naphtyl)-
d-(3-hydroxy- 1-methyl-2-pyridinemethylene) hydrazine
chioride can be made by the same procedure replacing
semicarbazide in the above example respectively with
thiosemicarbazide, hydrazine, methylhydrazine, 1-methyl-
l-phenylhydrazine, 1,1-diphenylhydrazine, 2,4-
dinitrophenylhydrazine, and Z-naphtylhvdrazine. 2-[]
(Aminocarbonyl)hydrazonojmethyl]-5-hydroxy-1-methyl
pyridiniurn chloride, 2-[[(aminothiocarbonyl)hydrazono
methyl]-3-hydroxy-1l-methyl pyridinium chloride,
d-hydrazonomethyl-S-hydroxy-1-methyl pyridinium
chloride, 1l-methyl-2-(5-hydroxy-1-methyl-2-
pyridinernethylene) hydrazine chloride, 1-methyl-1-phenyl-
Z-(5-hydroxy-l-methyl-2-pyridinemethylene) hydrazine
chloride, 1,1-diphenyl-2-(S5-hydroxy-1l-methyl-2-
pyridiremethylene) hydrazine chloride, 1-(2,4-
dinitrophenyl)-2-(5-hydroxy-l-methyl-2-
pyridinemethylene) hydrazine chloride, and 1-naphtyl-2-(5-
hydroxy-1-methyl-2-pyridinemethylene) hydrazine chloride
can be made by the same procedure replacing 3-hydroxy-
Z-pyridine aldehyde with 2-formyl-5-hydroxy pyridine.
2-Hydrazonomethyl-3-hydroxy-1,6-dimethyl pyridinitm
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chloride, 1-methyl-2-(1,6-dimethyl-3-hydroxy-2-
pyridinemethylene) hydrazine chloride, 1-methyl-1-phenyl-
2-(1.6-dimethyl-3-hydroxy-2-pyridinemethylene) hydrazine
chloride, and L.1-diphenyl-2-(1,0-dimethyl-3-hydroxy-2-
pyridinemethylene) hydrazine c:lllbtxribtlf* can be made by the
same procedure replacing 3-hydroxy-2-pyridine aldehyde in
the above example with 3-hydroxy-6-methyl-2-pyridine
aldehyde.

EXAMPLE 11
2-[[(N-

Preparation of 3-Hydroxy-1-methyl-2
phenylaminocarbonyl)hydrazono Jretlyl |

pyridiniutn. chloride (3b)

3-Hydroxy-2-[[{N-phenylaminocarbonyl)hydrazono]
methyl] pyridine. 4-Phenyl senmicarbazide i [él 91 &, 33 mmol)
was added to a suspension of 3-hydroxy-2-pyridine carbal-
dehyde (4.0 g, 33 mmel) in a mixture of ethanol water (30
mL.:40 ml). The reaction mixture was stirred at room
temperature for 3 h and the yellow product was collected by
filtration. The yellow precipitate was washed with BEtOL/
H,O 1:1 and dried under P,0Os to yield 8.22 g (99%) of
.lJa'tjujhtl<, It can be recrystallized from EtOH/H,O; m.p.
201°-2° . (dec.). "H NMR. ¢ <iqg DMSO) d: 10.85 (br.s., 1H);
10.6 (br.s., 1H); 9.14 (5. 1H); 8.27 (s, 1H); $.15 (d of d, 1H);
7.55 (d, JEL[&[] s 7.26-7.36 (m, 4H); 7.01 (t, 1H).

3- ]f] ydroxy-2- [[{N-phenylaminocarbonyl)hydrazono]
methyl]-1-methyl pyridinium chloride. Methyl 1odide (7.2
mL. 0.12 mol) was added to a suspension of 2-|[(IN-
phenylaminocarbonyl) hydrazono Jmethyl |-3-hydroxy pyri-
dine (3.72 g, 15 mumol) in 50 mil of acetonitrile. The reaction
mixiure was placed in two pressure glass vessels and heated
at 70° C. for 3 days. The solid which filled the reaction flasks
was filtered and triturated well with warm (40° C.) acetone.

The product was dried to yield 5.13 g (89%) of methiodide,
It was dissolved in a mixture of water/acetonitrile (500
rnl.:300 ml) and then freshly made Ap(] (2 eq) was added.
The suspension was stirred at room ternperature for 2 h and
then filtered thorough Celite. The filtrate was concentrated o
dryness in vacuo and the residue was triturated with acetone,
The yvellow solid was filtered, washed with acetone and dried
to yield 3.67 g (93%) of the pure chloride; m.p. 2:20°-221°
C. (dec.). It can be recrystallized from EtOH. *H NMR
(de-DMSO) d: 11.74 (br.s., 1H); .27 (s, 1H); 8.58 (d, 1H,
=57 Hz)y, 8.39 (s, 1H); 8.17 (d, 1H, J=8.2 Hz); 7.85 (d of
141 l l&[ l-- 5 Tk [JJ .]= =8 2: Hz): 7.57 (d, 2H. J=7.6 Hz); 7.31 (t,
, 1H, J=7.60 Hz) 4.48 (5, 3H). Anal.
If"ﬂault*ti [ubﬂr 1["'14]E][1 5K ’"T[t~IﬂL( ),<0.95 H,0: C, 51.90; H, 5.26; N,
17.29; C1 10.94. Found: C, 51.90; H, 5.22; N, 1 7.36; 1::3L,
10.59,

3-Hydroxy-1-methyl-2-[ [ (N-phenylaminothiocarbonyl)
hydrazono] yllpyridinium chloride, 2-[[(MN,N-
diphenylaminocarbonyl)hydrazonomethyl|-3-nydroxy-1-
methyl pyridinium chloride, 2-[{{N,N-
dimethylaminothiocarbonylhydrazonojmethyl |3 -hydroxy-
l-methyl pyridinium  chloride, w [T (N -
ethylaminothiocarbonylhydrazonojmethyl |-3-hydroxy-1-
methyl pyridintum chloride, 3-hydroxy-1-methyl-2-[{(IN-
naphtylaminocarbonyl) hydrazono]methyl] pyridinium
chloride, and 2-[|[IN-(1-chloro-2-naphtyl)amino carbonyl]
hydrazono|methyl]-3-hydroxy-1-methyl pyridiniom chlo-
ride can be made by the same procedure replacing
4-phenylsemicarbazide in the above example respectively

with 4-phenyl-3-thiosemicarbazide, 4,4-
diphenylsemicarbazide, 4.4-dimethyl-3-thiosemicar lJ.adanlclf,,
4-ethyl-3-thiosemicarbazide, 4-(2-naphtyl)semicarbazide
and -4L-4(:lf-iZl]ﬂl(Jﬂfi]b-:Er-]JLE[[)]]thF]:)EslZﬂE[liJEHE[[1ZhELEZiIjuE:. 5-Hydroxy-1-
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-[[(N-phenylaminocarbonyDhydrazono Jimethyl |
5-hydroxy-1-methyl-2-[{(N-

methyl-2-
pyridiniwm chloride,

;[lljusztljr]Jauttli:tn(detli;Ju:uau:lJu:ltijgil)l hydrazono]methyl] pyridinium

chiloride, 2-[[(N.N- 'tli”[11115=11r5f1;artllj'11¢"tt"ll‘ta1“n11‘yfl“ill’5f<iar:a:Z'calj 0]
methyl]-5- fl‘fi froxy-1-methyl pyridinium chiloride, 2-[[(IN,IN-

dimethylaminothiocarbonyl) hydrazono]methyl]-5-
hydroxy-1-methyvl pyridinium chloride, 2Z2-[[{N-
ethylaminothiocarbonyl) hydrazono]methiyl]- ‘i-]klt;1jhrw"wa:1e' 1-

methyl pyridinium. chloride, S-hydroxy-1-methyl-2-][(IN-

IlJHk[)]]JE]f]l:lJF[IJ nocarbonylyhvdrazono]methyl] pyridinitm
chloride, and 2-[[[IN-( 1-chloro-2-naphtyDamine carbonyl]
hydrazono]methyl] -5 --]Jpj?[i]?(]ﬂﬁ{j?--]L-ﬂ[[lt:iﬂh[j?]. pyridinium  chilo-
ride can be made by the same procedure replacing
3-hydroxy-2-pyridine aldehyde with 2-formyl-3-hydroxy

pyricine,

EXAMPLE 12

Preparation of 1-Methyl-2-[](IN-
phenylaminocarbonyl) hydrazono]methyl]
];nﬁﬁ[?[[llJELIJJLEI].'ElllljhltlJHlE: (3d)

E!-ﬁ[[}(]ﬁii-]E?ll1=1ur5fl:111cui111::t:zll‘t><3nt[jz]") hydrazonomethyl] pyri-
dine. Pyridine-2-Aldehyde (5.7 mL, 0.06 mol) was added to
a suspension of sodium acetate (4.92 g, 0.06 mol) and
4-phenyl semicarbazide (9.07 g, 0.06 moel) in 60 mL of
water. The resulting mixture was stinred at room temperature
for 14 i and the solid in suspension was filtered and washed
thoroughly with water. After drying, the semicarbazone was
obtained as a dark beige solid (12.54 g, 87%) and was used
ir the next step without further purification; m.p. 181°-152°
.

1-Methyl-2-[[(N-phenylaminocarbonyl) hydrazono]
methyl] pyridinium chloride. 2-[[{N-Phenylaminocarbonyl)
hydrazonojmethyl] pyridine (4.47 g, 0.02 mol) was divided
into two pressure glass tubes and dissolved in acetonitrile
(20 mL each). Methyl iodide was then added (2.6 ml. each,
0.04 mol), the tubes were tightly closed and heated at 6:3° C.

for 3 days. The reaction flasks were cooled to 10°-15° .
and the solid was filtered. The yvellow solid was washed with
acetone and ether and dried to yield 6.656 g (929%) of the
iodide salt; m.p. 192°--193° C. (dec.). It was dissolved in 4(H)
ml, of acetonitrile/water 1:1 and exchanged with freshly
made AgCl (from 5.92 g of AgNO,; and excess conc, HCL
washed well with water), The resulting suspension was
stirred at room temperature for 2 h. The silver 1odide was
filtered off and the filtrate was concentrated to dryness in
vacuo to vield a yellow solid that was triturated with acetone
and ether. It was filtered and dried to vield 4.86 (96Y%) of the
pure Ic;tllihnrabcl salt as a 5ﬂf‘l]J:rtaf solid; mup. 187°-188° C.
(dec.). "H NMR (ijlf~-][llhv1 yO) d: 11.87 (s, 1H); 9.45 (s, 1H);
5.98 td. ot d., 2F [ﬁl 8.56 (1t L H ) B.43 (s u, 1H )i w01 l[L, 1H ), 7.6

7.62
(d, 2ED); 7.34 (t, 2H); 7.08 (t, 1H); 4.36 (s, 3. eﬂu]Juail (Calcd.
for C,H,£CIN,Ox0. flqi. H.-O: C.r 56.15 >, H. 5.37: N, 18.71;
Cl, 11.84. Found: C, 56.15; H, 5.38; N, 18.69; (:Ilq. .l.l“.iiiiu.

EXAMPLE 13

Preparation of 2-[[{ Aminocarbonyl)hydrazono]
rmethyl]-3-(INJN -1lel]JUE;[l]’§’ltlill|t}:lllﬂutlﬁf] hydroxy-1-
methyl pyridiniwm chloride (4a)

2= [{{Anuing hEﬂEL[i]M_b[l‘?]l)]?ljf(jJF:liﬂtjﬂtl()]‘[[]t‘i]flj!] |-3-hydroxy ]EbjFI‘l-
1j111]u:n.-Laqhnclllerll.‘auchJt¢1t<= ‘2.21 g, 16 nimol) was dissolved in 23
ml. of water and t11u n semicarbazide ]ttgrtjhrtau hloride was
added (1.81 g, 16 mmol), followed by 3-hydroxy-2-pyridine
aldehyde (2.0 g, 16 minol). The resulting mixture was stirred
at room temperature for 2 h, The solid in the reaction
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mixture ‘unfzt s then filtered, washed with water and dried to
yield 2.71 g (93%) of the semicarbazone. It was used in the

next ;t<=] | ‘bnflllﬁlcalln, further purification; m.p.: 215°-217° C.
1kf11343«C)*
2-[[{(Aminocarbonyl)hydrazono]methyl]-3-(N,N-
dimethylcarbamoylhydroxy pyridine. The semicarbazone
obtained In the previous step (2.71 g, 15 mmol) was sus-
pended in 20 mk of pyridine and then N,N-
dimethylcarbamyl chloride was added (4.2 mL., 45 mmol).
The reaction flask: was
was sticred at room temperature for 20 h. The reaction
mixture becomes a clear solution after one hour and. the
product begins to come out of solution after 2 . When the
reaction is compiete, the mixture is cooled to J‘n“ﬁ--]l(lfj C. in
ice bath and filtered. The beige solid that results is washed
with acetone/ether 1:1 and dried to yield 3. tiﬁi & ("*f)‘zcn) of the
carbamate which is used in the next step without further
purification; m.p. 182-3° C. (dec).

Z-1[(Aminocarbonyl)hydrazono |methyl]-3-(N,N-
dimethylcarbamoyDhydroxy-1-methyl pyridinium. chloride.
The carbamate obtained in the previous step (3.63 g, 14
mmol) was dissolved in 50 mL hot (90° C.) DMF. When a
clear solution was obtained, the reaction flask was cooled
under running water until the inner temperature reached 26°
C. Methyl iodide (6.3 mlL., 100 mmol) was then added and
the reaction mixture was left at 65° C. in a Parr shaker for
3 days. The solvent was removed in vacuo to yield a dark:
viscous residue which was triturated with acetone. The
yellow solid that resulted was washed with acetone/ether
1:1, then with ether and dried to vield 5.15 g (94%) of the
methtodide. Freshly made AgCl (from 4.45 g AgNO, and
excess conc. HCL) was washed well with water and added to
a solution of the methiodide (5.15 g, 13 numol) in 200 mlL
acetomtrile/water 1:1. The resulting suspension was stirred
at room temperature for 1.5 h. The silver iodide was filtered
through Celite and the filtrate was concentrated to dryness in
vacuo to yield a residae which is triturated with acetone. The
resulting solid 1s filtered and recrystallized from CHCN/
EtOH and acetone to yield 2.44 g (62%) of the pure chloride
salt; m.p. 194°-195° C. (dec.). Anal. Calcd. for
CyH CINGO,x0.96 HLO: C, 41.42; H, 5.66; N, 21.96: (I,
11.12. | |c}1113ucl C, 41.42: H, 5.72; N, 21815 CI, 11.20.

e _|_{hiﬂi;[l];l][lt]h(Iiigtﬁt}izll];}F][)LlljyfijL['El:ElEi]Jni}_IJE[lif:lJtljyfl,]--fii--(;fif,ﬁIFI3-
dimethylcarbamoyDhydroxy-1,6-dimethyl pyridinium. chlo-
ride can be made by the same procedure replacing
3-hydroxy-2-pyridine El]ijhfﬂt[jf1jLE: in the above example with
3-hydroxy-6-methyl-2 Ijrjf“r“iqjli'lluf- : ltj f:'tl‘srijltz.. o~ [
(Aminocarbonyl)h 5r|cl razo) yl]-5-( t~f4,]‘~F
dimethylcarbamoylhydroxy-1- E[lfil]J“}ll. ]r[5r111tlJJnLIIJJn[1 chloride
can be made by the same procedure replacing 3-hydroxy-
2-pyridine aldehyde in the above example with 2-formyl-5-
hydroxy pyridine.

EXAMPLE 14
Preparation of 3-(N,N-DimethylcarbamoyDhydroxy-
L-methyl-2-[[ (IN-phenylaminocarbonyl) hydrazono]
| methyl] pyridinium chloride (4b)

i-(N,N-Dimethylcarbamoyl)hydroxy-2-[[(N-
:[)l]jfﬂtﬂjllillﬂtlilDHL}tlill.t)(]]DLjIlJltlj?ljhrilJEJZt[I(JJllllsﬁlltljf]n] pyridine was pre-
pared by reaction of dimethylcarbamyl chloride (16 ml.,
0.18 mol) with 3-hydroxy-2-[[ (]‘4 ]]ﬂflt‘]]‘y laminocarbonyl)
hydrazonojmethyl] pyridine (4.5 g, 17.5 mmol) in 30 mL. of
pyridine.
perature for 6 h and poured over 500 mlL of crushed ice, The
beige precipitate was collected, washed thoroughly with

J
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the chloride salt; m.p. ’!’3“[)"--’5‘1'“’ .

(rimmethylammonium)acetyl] hydrazine dichloride, 1-[2.
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water and dried to yield 548 g (95%) of product, m.p.
1'78%-180% C. The product (5.48 g, 16.7 numol) was dis-
solved m acetoxnitrile/DME and then methyl iodide (2.78
ml, 44.77 mmolx3 vessels) was added to the reaction vessel.
The 1'::5;L|]1ti114;; mixiture was stirred at 70° C. for 3 days and
cooled in a water-ice bath for 30 min. The precipitate was
collected by filtration, washed with acetone/ether 1:1 and
dried to yield 6.42 g (82%) of the methiodide salt. It was
dissolved in 500 rl H,O and 300 ral. acetonitrile and then
freshly made AgCl (,a, eq, washed well with water) was
added. The resulting suspension was stirred at room tem-
perature for 2 h. It was filtered throngh Celite and the filtrate
was concentrated to dryness in vacuo to a crisp yellow foam
that becomes a yellow solid after trituration with acetone.
The yellow solid was filtered, washed with ether and dried
to vield 4.83 ¢ (93%) of pure product as the chloride salt;
m.p. 176°-177° . (dec.). Anal. Caled. for C,H.,,CINsO3:x
0.84 H.,O: (Zl, 51.95;: H, 5.56; N, 17.82: Cl, 9.02. Found: C,
51.95; H, 5.55; N, ].JF.JEp[)1. CL EJ..].]..

S-(N N-Dimethylcarbamoy)hydroxy- 1-methyl-2-[ [(N-
phenylaminocarbonyl) hydrazonojmethyl] ]E}j?l?ltiljttllllr[l chlo-
ride can be made by the same [Juru cedure ]rt=]crl.1| ing
3-hydroxy-2-pyridine aldehyde with 2-formyl-5-hydroxy
pyridine.

EXAMPLE 15
Preparation of 2-(3-Hydroxy- 1-methyl-2-
pyridinemethylene)- 1-[2-( L-pyridinium)acetyl]
hydrazine dichloride (5a)

2-(3-Hydroxy-2-pyridinemethylene)- 1 - 2-( 1-pyridinium)
acetyl] hydrazine chloride. 1-(Carboxymethyl) pyridinium
chloride hydrazide (2.63 g, 0.014 mwol) in 10 mL of methanol
was added to a solution of 2-aldehyde-3-hydroxy pyridine
(172 g, 0,014 mol) in 20 mL of CH,CN. The resulting dark
yellow solution is stirred at room: tt‘]’[l[]i“] ature for 2 h and at
the end of this period a beige solid filled the reaction
mixture. Ethyl ether was added (10 ml) and the reaction
mixture was cooled to 5°-10° C. before filtering the beige
precipitate. The solid was washed with ethyl ether and dried
to yield 3.72 g (91%) of product; m.p. 229°-30° ( :3 (dec )
2-(3-Hydroxy-1-methyl-2-pyridinemethylene)-1-[2-(
pyridininmacetyl] hydrazine dichloride. The li“ﬁ][ hy ﬁcl[.at-
zone obtained in the previous step (3.5 g, 0.012 mol) was
divided imto three pressure glass vessels and each portion
was dissolved in 20 ml of acetonitrile. Methyl iodide was
added to these solutions (1.2 ml. each, 0.02 mol) and the
resulting mixtures were heated at 70° C. for 3 days. The
y :Elc:tiﬁcxll mixtures were concentrated in vacuo to a dark
esidue which was triturated with acetone/ethanol 5:1. The
‘EHLLliJL[l!J yellow solid was washed with acetonefethanol 5:1
and dried 1o obtain 4.39 g (84%) of the iodide salt, m.p.
193°-694° C. (dec). Freshly made AgCl (from 343 g of
AgNO, and excess conc. HICL) was washed well with water
ancl added to a solution of the iodide salt (4.39 g, 0.01 mol)
STOXL
was stiored at room temnperature for 2 I The silver iodide
was filtered through Celite and the filtrate was concentrated
to dryness in vacuo to yield a solid that was triturated with
acetone. The dark 1t:f,1;anf solid was fltered, washed with
acetone and dried to vield 2.8% g (84%) of pure product as
(dec.). Anal. Caled. for
CaH CLIN,O,x0.96 H,O: C, 46.65; H, 5.01; N, 15.55: C1.
19.67. Found: C, 46.65; ]El 4.95; N, llLr..i 3; E“‘l 20.66.

At *r-t]:[:y'ilin:E!ijyf--]l--]]ELf:ijtl]PKl--;.ﬁ-]JﬁjF]TIJEIJLIliEﬁI]]uEft]Jﬁjf]JE:I]1='] 1-12-
(4-
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chloro- 1-pyridinium)acetyl]-2-(3-hydroxy-1-methyl-2-
pyridinemethylene) ]tx:;wit[:auz:i11|=~ dichloride, 1-[2-(3- (‘*ttitrcjzz“sr-
l-isoquinolinium)acetyl}-2-(3-hvdroxy-1-methyl-2-
pyridinemethylene) hydrazine dichloride, 1-]2-(2-carboxy-
4-methoxy-1-quinoliniurn) acetyl]-2-(3-hy IElI*E))E‘y 1-methyl-
2-pyridinemethylene) hydrazine dichloride, 2-(3-hydroxy-
l-methyl-2-pyridinemethylene)-1-[2-(3-hydroxy-1-
pyridinium)acetyl] hydrazine dichloride, 2-(3-hydroxy-1-
methyl-2-pyridinemethylene)-1-|2-(1-methyl-1-
piperidinium) acetyl] hydrazine dichloride can be made by
the same procedure replacing 1-(carboxymethyl) pyridinium
chloride hydrazide respectively with (carboxymethyl)
trimethylammonium chloride hydrazide (Girard’s reagent
“T"), 4-chloro-1-(carboxymethylpyridinium chloride
hydrazide, 3-carboxy-1-(carboxymethyl)isoquinolinium
chloride hydrazide, 2-carboxy4-methoxy-1-
(carboxymethyl)guninolinium chloride hydrazide,
3-hydroxy-1-(carboxymethyl)pyridinium chloride
hydrazide, and 1-methyl-1-(carboxymethyl) piperidinium
chloride hydrazide. 2Z-(5-Hydroxy-l-methyl-2-
'[)1yuri\[1i1r|t:linu=wttlipilczlljfi)--]l Le-(1 ]*rgrlutclllttllJLrll jacetyl] hydrazine
dichloride, 2-(5-hydroxy-1-methyl-2-pyridinemethylene)- 1-
[2-(trimethylammornium)acety l] l]*yiclt.aiz.111:= dichloride, 1-{2-
(4-chloro-1L-pyridinium)acetyl y-hydroxy-l-methyl-2-
pyridinemethylene) hydrazine |Cli¢:IJtL()1:i{113;, 1-12-(3-carboxy-
l-isoquinolinium)acetyl }-2-(3 -Ctl:y'(ljrwc>:t:3f>-21.--Iljuleilljyfln-jit--
pyridinemethylene) hydrazine 1Cli{3]1ﬁl()l‘itili‘, -|2-(2-carboxy-
ﬁl methoxy--quinolinium)acetyl]-2-(5-hydroxy- l-methyl-
2-pyridinemethylene) hydrazine dichloride, 2-(5-hydroxy-
L methyl-2-pyridinemethylene)-1-[2-(3- 11 5*41 0XY-1-
pyridiniurnjacetyl| hydrazine dichloride, 1aL[|cl..¢, (5-hydroxy-
l-methyl-2-pyridinemethylene)-1-[ 2-( 1-piperidinium)
acetyl] hydrazine tjuLC'tllbcml“Lcit= can be made by the same
[Jﬂ*{]u edure replacing 3-hydroxy-2-pyridine aldehyde with
2-formyl-3-hydroxy pyridine.

EXAMPLE 16

Preparation of 2-(1-Methyl-2-pyridinemethylene)-1-
2-(1-pyridinium)acetyl] hydrazine ltli¢“]1{l(3a*i<14=- (5b)

2-(2-pyridinemethylene)-1-[2-(1-pyridinium)acetyl ]
]1*5'c11'21;:1 ne chloride. 1-(Carboxymethyl) pyridinium chloride
hydrazide (5.25 g, 28 mmol) and ]Jn;frduclllnlf 2-carbaldehyde
(2.7 ml., 28 mmol) were dissolved in 25 ml. acetons-
trile:methanol (4:1). The resulting mixture was stured at
room. temperature for 2 h, with the product beginning to
come out of solution after 20 min of reaction. After 2 h the
white solid in the reaction mixture was filtered and washed
with acetonitrile and ether. After drying, the product was
obtained as a white solid (5.27 g, 68%) and was used in the
next step without further purification; m.p. 240°-241° C.
1(1::1*-') 'H NMR (dg-DMSO) d: 12.43 (br.s., 1TH); 9.07 (d,
2H); 8.70 (t, 1H); 8.66 (t, 1HD; 8.24 (d of d, 2H); 8.19 (s, 1H)
:Sh.(Jtl---.?.JEJ(] (m. 2H); 7.48-7.44 (m, 1H I, 6.07 | (s, 2EL).

2-( 1-Methyl-2-pyridinemethylene)-1-[2-(1-pyridinitm)
acetyl] hydrazine dichloride. The acyl ]JL5F(1]TEIEJ(J]DDE:-[)l]135[[lltimjliill.
the previous step (2.88 g, 10 mumol) was divided mto two
pressure vessels and each portion was dissolved in 25 ml. of
DM, I\d[¢=t11Lyfl jodide was added to these solutions (1.62 mil.
each, 25 mmol) and the resulting mixtures were heated at
70° C 1EtJaL 3 days. The solvent was removed in vacuo to yield
a dark residue which was triturated with acetone. The

resulting solid was filtered, washed with acetone and ether
.aLrlti dried to yield 4.25 g (quantitative) of the methiodide as
a yellow solid. Freshly made AgCl (from 3.77 g AgINO, and
excess cone. HCL) was washed well with water and added to

solution of the iodide salt (4.18 g, 10 rmmol) in 200 ml.,

20
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acetonitrile/water 1:1. The resulting suspension was stirred
at room temperature for 1.5 k. The silver iodide was filtered
through Celite and the filtrate was concentrated to dryness in
vacuo to yield 3.63 g of a yellow solid. Recrystallization.
5 from ethanol/acetone affords the pure chloride as a beige
solid (3.0 g, 929%); m.p. 2092107 th.(tjhEuc{). 'H NMR
(de-DMSO) d: 213 (d, 2H); 9.08 (d, 1H); 8.75-8.39 (m,
4H); 8.26 (t, 2H); 8.10 (m., 1H); 6.19 ( tal‘.u. , 2 ), :1 A2)8, 3H).
Anal. Caled. for C H, CLN,OX0.91 HLO: C, éI:H..,JcI 1.
5.23: N, 16,31 Cl, 20.64. Found: (., ﬁl'i..Elzl., H, 5.25; N,
16.31; CL, 20.43.

10

EXAMPLE 17

Preparation of (I)LA]Z)ijgili::Jnq5r111tufrtlljyﬁl-itif-4{fi~-l]:ywtlrwzﬁzzj;=-]l--
methyl-2-pyridinemethylens) Hydroxylamine Todide

15

O-Diphenylmethyl-N-(3-hydroxy-2-pyridinemethylene)
hydroxylamine. O-Diphenyl methyl hydroxylamine hydro-
chloride (3.35 g, 14.2 mmol) was added to a solution of
NaOH (0.57 g, 14.2 mmol) in 10 mlL of H,O. After the
addition of 10 mL of EtOH, 3-hydroxy-2- 13r5r[11[11]]4= aldehvde
( 1.75 g, 14.2 mmol) was added. The mixture was heated on

steam. bath for 1 h. While the solution was allowed to cool

an additional 30 ml of H.O was added. The product
pr :=::j'gyilualnelcl out as yellow needles. The mixture was filtered
to isolate the pure product ( 31 8 o, 89%), m.p. 83°-84° C. 'H

NME. (CDCl,) d: 9.57 (s, 1H): 8.40 (s, 1H); 7.33 (5, 10H);
7.13 (m, 35 ), 6.23 (s, 1H). Anal. Caled. for C,oH, N, 42 C,
74.97: H, 53.31; N, 9.21. Found: C, 74.88; H. fn.iiiii; N, 9.17.

O-Diphenylmethyl-WN-(3-hydroxy-1-methyl-2-
pyridinemethylene) hydrox y'l:ll]JLlIlt* lodide. :

30

A solution of
O -diphenylmethyl- N.- (3-hydroxy-2-pyridi t1f=1r[1f=1"t11;‘lt=artf'“
hydroxylamine (1.0 g, 3.29 mmol) in 45 mlL of BEtOH was

placed in a glass pressure tube. Methyl iodide (0.9 miL, 13.%
mnaol) was then added, and the tube was sealed tightly. The
tube was heated at 69° C. in an oil bath for 20 h. The solvent
was removed in vacuo, and the residue was triturated with
acetone to give the product as a srtlljntsr dark yellow solid (1.4
2, 95%), m.p. 163°-165° (. The chloride salt can be

=B

obtained as describeaed ;altatjﬂ»nf,.

EXAMPLE 18

Preparation of O-Benzyl-IN~1,6-dimethyl-3-
hydroxy-2-pyridinemethylene) Hydroxylamine
Chioride

3-Hydroxy-6G-methyl-2-pyridine carbaldehyde.
3-Hydroxy-6-methyl-2-pyridine methanol (20.0 g, 0.14
mol) and selenium dioxide(s.0 . 72 mmol) were 1uLlEiEhEJ]f¥“E?(1
in 140 mL of 1.4-dioxane and 280 ml of absolute ethanol.
The resulting mixture was heated at 80°-§5° . for 12 h. The
selenium precipitate was removed by filtration and the
filtrate was concentrated to dryness in vacuo. The dark red
residue was sublimed at 90° C. and 14 mmHg for ¢ I to
obtain 11.0 g (569%) of pure product, m.p. 101°-102° C.; *H
NMR (CDCly) d; 10.50 (br s, 1H), 10.03 (s, 1H), 7.27 (s,
2H); 2.53 (s, 3H).

O-Benzyl-N-(3-hydroxy-6-methyl-2- ] wwridinemethylene)
hydroxviamine. Sodium hydroxide (3.2 g, 0.08 mol) was
dissolved in 80 milL of a 1:1 mixture of ethamol/water and
then O-Benzylhydroxylamine hydrochloride (12.77 g, 0.08
mol) was added. The reaction mixture was stirred at room.
ternperature and when a clear solution was obtained 11.0 g
65 (0.08 mol) of 3-hydroxy-6-methyl-2-pyridine carbaldehyde

was added and the resulting mixture was stirced at room
texnperature for 11 h. The reaction mixture was cooled in an

35

60
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ice bath and filtered to yield ] 8.53 g (96%) of ]EI[i duct as a
white solid, m.p. 8§1°-82° C. ‘H NMR ( Me.50-d,) d: 9.85
(br s, 1H), 5.40 (s, 1H), 7.30-7.47 (m. 5 [i[]d, 7.22 (d, 11H),
113 (d, 1H), 5.22 (s, 2FD, 2.36 (s, 3 H[].r |

O-Benzyl-N-(1,6-dimethyl-3-hydroxy-2- 5
pyridinemethylene) hydroxylamine iodide, O-Benzyl-N-(3-
hydroxy-G-methyl-2-pyridinemethylene) hydroxylamine
(10.0 g, .04 mol) was dissolved in 75 ml, of acetonitrile and
777 miL (0,12 mol) of methyl iodide. The reaction mixture
was heated in a pressure gr].aLs vessel at 90° C. for 3 days.
The solvent was remnoved in vacuo and the residue was
triturated with acetone to yield 8.1 ¢ of a vellow solid.
Recrystallization from acetone/EtOH/EL,Q yiclds 5.5 g
(35%) of pure ]’F[i*nﬁlllil1ﬁ as a pale yellow solid, *Fl NMR
{ Me.SO-d;) d: 8.55 (s, 1 ]:l“i; 792 (d, 1H); 7.87 (d, 1H);
| ._,i[)--"' 4% (m, SH); fS 2,5.33 (s, 2H); 3.93, 4.08 (s, 3H); 2.72
(5. 3H).

O-Benzyl-N-(1.6-dimethyl-3-hydroxy-2-
pyridimemethylene) ]rtjstiartjvﬂ ylamine chloride. O-Benzyl-N-
(1,0-dimethyl-3-hydroxy-2-pyridinemethylene) hydroxy-
larnine 1odide (5.5 g, 14 mamol) were dissolved in 700 ml, of
water and 4.1 g (28 mmol) of freshly prepared AgCl (from
‘“i]‘UWETE' nitrate and excess conc. HCL) was then added. The

aspension was stirred mechandically for 2.5 h at room
li:]DEL[J(J]JnL[I]]Ef; and the silver iodide was then removed by
filtration. The filtrate was concentrated to dryness in vacuo
and the residue was triturated with acetone to yield 3.6 g
(86%) of ]”F[IIWE: product as a light beige solid, m.p. 175°-6°
C. (dec.). "H NMR (Me,S0-d,) d: 8.52, 8.06 (s, 1H); 8.10
(d, 1H): V.85 (t, 1H); 7.30-7.45 (m, SH); 5.30, 5.20 (s, 2H):
4.1, 3.9 (s. 3H); 2.69 (5, 3H). Anal. Calcd. for
C,l H 1IN, OLx0.15 HLO: C, 60.96; H, 5.90; N, 9.48; CI.
12.00. Found: C, 60.9%6; H, 5.90; N, 9.51; Cl. 12.02.

‘:]P-W[:1;-:fifil];EIIJ:jFJ[I]]bE:t]tlj?]l]--;P\[--(r].,1Li-1CliJ[IlJEﬂ[]]{jF]; -hydroxy-2-
pyridinemethylene) hydroxylamine chloride, O-(2-methyl-
l-maphtylmethyl)-N-{1,6-dimethyl-3-hvdroxy-2-
J[rjsl:itijttlf:lljusﬁtlljyﬁlf:111=f) hy |c114c11c'§rl¢1113L111:: C lle(]ﬂElljh_,, O-methyl-IN-
(1.6-dimethyl-3- h ydroxy-Z2-pyridinemethylene)
hydroxylamine chloride, O-(p-chlorobenzyl)-N-(1,6-
dimethyl-3-hydroxy-2-pyridinemethylene) hydroxylamine
chloride, O-(p-cyanobenzyl)-N-( 1,6-dimethyl-3-hydroxy-2-
pyridinemethylene) hydroxylanine l.]JLl()l:l(iJEq, O-(2: ll‘}ﬁ[llihlii‘y -
4-nitrobenzyl)-N-(1,6-dimethyl-3-hydroxy-2-
pyridinemethylene) hydroxylamine chloride, O-(p-
methoxybenzyl)-N-(1,6-dimethyl-3-hydroxy-2-
pyridinemethylene) lrynclmx1 rlamiine chloride, O-(p-dimeth 5fl
aminocarbonyloxybenzyl)-IN-(1 11:-41L11131c-t111331-- 3-hiydroxy-2
pyridinemethylene) hydroxylamine chloride, - (h[)--
propylarminocarbonyl  benzyl)-N-(1,6-dirnethyl-3-hydroxy-
c-pyridine methylene) hydroxylamine chioride, O-benzyl-
3-(N' N-dimethylcarbanwoyhydroxy-1,6-dimethyl-2-
pyridinemethylene] hydroxylamine chloride, O-benzyl-N-
| 3-(IN",N'-diethyl c'zll'ljhalljnltnl5?]')dtl1g|cll':3vﬁ. ~1,6-dimethyl-2-
Py r[]1[[11]4 methylene] hydroxylamine ]1Ll(3u:1<iqh,. O-benzyl-IN-
|3-(N', N'-diflucroethylcarbarnoylyhydroxy- -_l!Jfl-lC[ilitlE'[]]Fﬁfl v
pvridinemethylenc]| hydroxylamine chloride.
O-(diphenylmethyl)-N-[3-(N',N'-dimethylcarbamoyl)
hydroxy-1,6-dimethyl-2-pyridinemethylene] hydroxy-
larmine chloride, O-(diphenylmethyl)-N-] 1,6-dimethyl-3-
(N-1sopropylcarbamoylhydroxy-2-pyridinemethvlene]
hydroxylamine chloride, O-(diphenylmethyl)-N-[3-[N'-(2-
fluorcethyl)carbamoyl] hydroxy-1,6-dimethyl- -
pyridinemethylene] bydroxylamine chloride, O-(p-
methoxybenzyl)-N-{ 3-(N',N'-dimethylcarbamovhydroxy-
1,6-dimethyl-2-pyridinemethylene ] ]fl‘?”[l]r1ZFJI’5F][El]1Eli'Ili“'
chloride, O-(p-methoxybenzyl)-N-[3-(N',N'-
dimethylcarbamoyDhydroxy-1-ethyl-6- .rtlJL,lht115f].--IE.--
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pyridinemethylene| hydroxylamine chloride, O-(p-
methoxybenzyl)-N-[3-(N' N'-dimethylcarbamoyhydroxy-
l-benzyl-0-methyl-2-pyridinenethylene| hydroxylamine
bromide, N-[3-(N'N'-dimethylcarbamoyljhydroxy-1,6-
dimethyl-2-pyridinemethylene] hyvdroxylamine chloride,
1,0-dimethyl-3-hydroxy-2-[[(N-phenylaminocarbonyl)
hydrazono|methyl] pyridininm chloride, 1.6-dimethyl-3-
hydroxy-2-[[(N-phenylaminothiocarbonyl)hydrazono]
methyl] pyridinium chloride, 1.6-Dimethyl-2-[[(N,N-
ti:iljdttt:1nr3;]lzllnttigtl{Ju:nattftuizrrlj“fl'J]]‘5rt13r;1 zono Jmethyl]-3-hydroxy
pyridinium. chloride, 2-(1,6~dimethyl-3-hyd ['nadxhjz--IEf-
pyrdinemethylene)-1-[2- [.[._]Jf&f[]l[ll.ELIIJJT[]}D:I(:fJI“}ﬁl}[ hydrazine
dichloride, 2-(1 ,'ti ~dimethyl-3-hydroxy-2-
pyridinemethylene)-1-| 1'lnri“t114='t]1rji L:l]1£[11]v[>11ri1]rtlj‘).aLc'f=l"5r]{]
hydrazine dichloride, :ll]ijl 2-( 1, o-dmnethyl-3-hydroxy-2-
pyridinemethylene)-1-[2-(4-chloro-1- ]F[j?]ﬁleLl]]J[ll]E[l}i:l(:JEthE]L]
hydrazine dichloride can be made by the same procedure
replacing 3-hydroxy-2-pyridine carbaldehyde with
3-hydroxy-6-methyl-2-pyricine carbaldehyde,

EXAMPLE 19

Preparation of O-Benzyl-N-(1-benzyl-3-hydroxy-2-
pyridinernethylene) hydrexylamine bromide

O-Benzyl-N-(3-hydroxy-2-pyridinemethylens) hydroxy-
lamane. O-Benzyl hydroxylamine (10.4 g, 65 mmol) was
added to a solution of NaOH (2.6 g, 65 mumol) in 66 ml. of
H, OAB0OH 1:1. 3-Hydroxy-2- [)1F]'lthlIl<“ carbaldehyde (8.0 g,
65 mmol) was added to this solution and the resulting
mixture was stirred at room temperature 3 h. The whim
precipitate was then filtered and dried to yield 13.3 sg (90%)
1Lr[ pure product, m.p. 64°-65° C. 'H NMR (CDCL,) d:9.72

(s, 1H):8.37 (5, 1H); 8.13 (d of d, J=2 Hz, J=4 Hz, 1H); 7.33
(ny, TH); 5.17 (s, 2HD.

O-Benzyl-N-(1-benzyl-3-hydroxy-2-pyridinemethylene)
hydroxylamine bromide. Benzyl bromide (0. i’ii [lJJ[. , 0.0
mmol) was added to a solution of O-benzyl-N- e XY
2-pyridine methylene) hydroxylamine (1.0 ¢ r1 ]1[[[]]UL}1JI in
r1 ml. of acetonitrile. The resulting nixture ‘bh’El ¢ heated at 65°
C. In a pressure bottle for 3 days. The solvent was removed
in vacuo and coevaporated with water to leave an oily

residue that was dissolved in 100 mL of water and treated
with activated charcoal. This mixture was filtered through

~ Celite and the filtrate was concentrated to dryness under

high vacunm. Acetone (20 ml.) was added to the residue and
the product arystallized as ]ngllint beige needles (1.5 g, .iifr‘za:)
n.p. 145°-- 146° C. "H NMR (CDCLy) d: 8.68 (s, 1H); §.63
(d of d, 1H); 8.52 (1, 1H); 7.69 (lcl 4*r[ d, 1H); 7 ’!‘ (m, 8H);
7.10 (m, 2H); 6.12 (s, 2H); 5.25 (s, 2H). Anal. Caled. for
Cootl oBN.O,: C, 60.16; H, L.iiiu ; N, 7.02; Br, 20.02.

L-l'

Found: C, .EuEJ.iiﬂEl, H, 4.86; N, 7.00; Br, | lEJhJEl 1.

(-Benzyl-N-[1-benzyl-5-hydroxy-2-pyridinemethylene)
hydroxylamine bromide can be made by the E;E[Illu=hngtwcnc:f:tiluurt,
replacing 3-hydroxy-2-pyridine aldehyde in the above
example with 2-fornayl-5-hydroxy pyridine.

eneral Procedures

2,6-Dichlorophenyls wEflJinc:zrri*uarzfi(i:::1{(231:3{15::13]1Z[?iﬁt)¢:<:1jht11ne::fi:ar
Phenylsemicarbazide Synthesis). The synthesis of phe-
nylsemicarbazides were _.aurl*lf,ti it according to procedures
by Van Gelderen (1933). To a

stirring solution of 10 ml.
methylene chioride ‘l]DUE[ 42 (11 rrlljrtt)]j) hydrazine monohy-
drate at 0° C. was added dropwise

suspension of 5.5 g (110

mnol) of 2,6-dichlorophenyl ]USt“HE‘jf¢ll]|HﬂtE and 1O mlL, meth-
ylene

chloride. The semicarbazide was formed instanta-
neously and collected. by suction filtration as a white solid.
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The product was washed with 100 mL water and 100 mL
methylene chloride; 5r1|= 1d 600 g (25%); mp 288°-290° C.
'H NMR. (DMSO-dg) &: §.30-8.26 (bs, 1H), 7.55 (s, 1H),
7.50 (dd, 2*li[] 7.23 (m, 1H)., 4.42--4.40 (bs, 2 H; E*eSL]E!]\f[ESL
/e []\fl o+ l r 220.1. Anal. caled. for C,H,N,OCL,: C, 38.18;
H, 3.20; N. 19.10; Cl1, 32.23. Found: , 38.04; H, 3.09; N,
18. ‘J'Ji "] 52! 40.

4-Methoxyphenylsemicarbazide. This compound was
prepared by the general procedure and collected as a white

solid; yield 39%; mp 150°-152° C. *"H NMR (DMSO-dg) &

.3 62 (s, 1H), 7.44 (d, 2H), 7.41 (s, 1H), 6.87 (d. 2H). 4.33

s, 2H), 3.69 (s, 3H); FABMS mv/e (M-+1)" 182.
4-Chlorophenylsemicarbazide. This compound was pre-

pared by the general procedure

8.80 (s, 1H)., 7.60 (d, 2H),

:1 39--4.30 bs, - ]E]");.I[i[iigjtl:[tidi{]dﬂ[ltjbt>111IBv1LE§

CrHgN;0C]. 185 035. Found: 185.035.
2.6-Dimethylphenylsemicarbazide. This compound was

750 (s, 1H), 7.7% (d, Z2H),
, m/e (M) caled. for

]If‘“]""'l‘.‘ll e |[l Itljf 1 I'I_E ! e rer l:ll Jp[‘—lhc e 1[[‘].‘!:{‘ I‘E“].{:] P(J]Jlf (-rtt:.d a8 A ,“;h 1 lltf" :

solid; vield 779%; mp 270°-272° . *H NMR (DMSO-d,) &:
7.85 ( 1H), 7.24 (s, 1H), 7.03 (1n, 3H), 4.40~4.33 (bs, 2H),
2.18 (s, 6H); High resolution MS, m/e (M™) caled. for
EIZ~J[3[] aLE~I O 179.105. Found: 179.100.
2,6-Diflucrophenylsemicarbazide. This compound was
]rﬂfif]glcllﬁf‘fl. by the general _[)IJLME,E‘(llJU[t“ xcept that the produact
was washed with 50 mL H,O, 50 mL ethvl acetate, and 50
ml. ether, and collected as a white solid; yield 73%; p

156°--158° C. 'H NMR. (DMSO-ds) & 8.14 (s, 1H), 7.55 (s,

1HD, 7.28 (m, 1H), 7.11 (dd, ZE'I 1), 4.42-439 { l).:* 2H);
FABMS m/e (M+1)" 188.

2-Ethoxyphenylsemicarbazide. This compound was pre-
pared by the gener: al procedure and collected as a white

solid; yield 93%; mp 133°-135° C. ‘H NMR (DMSO-dg) &:

0.00-8.90 (bs, 1HD), 8.18 (m, 1H), 7.63 (s, 1H). 6.97 (m, 1H), i

6.87 (m, 2H); 4.47-4.51 (bs, 2H), 4.12 (q. 2H), 1.38 (t, 31);
MS m/e (M™) 195.1. Anal. caled. for CH ,N,0.: C, 5537,
H, 6.71: N, 21.52. Found: C, 55.38; H, 6. "*L,..I\Iﬁ. 21.47.
3-Nitrophenylsemicarbazide. This compound was pre-
pared by the general procedure and collected as a yellow
solid; yield 59%:; mp 136°-138° C. "H NMR (DMSO-dg) d:
0.21 (s, 1H), 8. 68 [;3, 1LH), 7.89 (d, 1H), 7.76 (ma, 2E), 7.5 (1n,
1HY, 4.44-4.38 (bs, 2H); High resolution. MS m/e (M™)
caled. for 1EZ;;]E]131HJQ ]"\[qL 196.059. Found: 196.05%.
4-Bromophenylsemicarbazide. This compound was pre-
pared by the general procedure and collected as a white
solid; yield 85%:; mp 256°-259° C. "H NMR (DMSO- ti15, ) )
8. 78 (5. 1H), ]’ 48-7.55 (d and bs, 3H), 740 (d, 2H),

4.40--4.37 (bs, 2H); ]Hlliggl].],fisntlllli ion, MS m/e (M™) caled. for -

C.H N OBr 228,985, Found: 228.984.
l-(3-Hydroxy-2-pyridylmethylene)-4-(2,6-

dichlorophenyl)diazanecarboxamide (General Procedure for

the Condensation of Phenylsemicarbazides or Phenylhy-

drazides with ]E')F[“l[lljtlf, Aldehydes). A solution of 500 mg (4
mmol) of 3-hydroxy-2-pyridinecarboxaldehyde and 8§76 mg,
(4 mmol) of 2.0-dichlorophenylsernicarbazide in 20 ml. of

ethanol was refluxed for 1 h. The mixture was cooled.

filtered by gravity, washed several times with 25 mL por-

tions of ethanol, and air dried. The product was obtained as

a brown solid; 1;1tf,lth 1.20 g (95%); mp 262°-265° C. 'H

NME. (DMSO-dg) o: 11.05 (s, 1H). 10.28-10.10 (bs, 1H),
9.05 (s, 1H), 8.30 (s, 1H), 8.18 (d, 1H), 7.58 (dd, 2H), 7.53
(., 3F [“ MS m/le (M™) 324.1.

The products of these reactions can be ]]ELEl(lf‘ in purer

forms by the addition of 1 drop of H,S0, to the reaction
mixture before refluxing as in the case of 1-(3-hydroxy-i-

and collected as a white
solid; vield 80%; mp 260°-262° C. "H NMR (DMSO-dg) o -

|

-rp,l

- ‘-f

pyridylmethylene)-4-(2,6-dimethylphenyl) diazanecarboxa-
mide given below.

1-(3-Hydroxy-2-pyridylmethylene)-4-(4-methoxyphenyl)
diazanecarboxanuide. This compound was prepared by the
general procedure except that the crude product was dis-
solved in hot methanol, concentrated in vacuo, and collected
as a brown solid; yield 47%; rop 183°-185° C. 'H NMR
(DWISO-dg DO 0: 9.05 (s, l.[i[J,. 8.44 (s, 1H), 8.2( il(}a, 1H),
7.5 (d, 2H), 7.4 (s, 1X, 7.3 (d, 2H), 6.8 (d, 2H), 3.7 (5, 3H);
FABMS m/e (M+1)" 287.
1-(3-Hydroxy-2-pyridylmethylene)-2-(2,4,0,
trichlorophenyldiazane. This compound was prepared by
the general procedure. After cooling the prodoct was
obtained as crispy white | e edles; yield 84%; mp 185°--187°
C. 'H NMR (DMSO-d,) & 10.59 (s, 1H), 10.20 (s, 1H), 8.36
(s, 1HD), 8.14 (d, 1H), 7.7 (s, LH), 7.24 (m, 2H); MS m/e (M™)
315.1.
1-(3-Hydroxy-2-pyridylmethylene)-d--(4-chlorophenyl)
(jLL:li,:l]]JE4L4HUEt31HL!;¢!]]]Ll(jJ‘.. This compound was prepared by the
general procedure. The product was a brown solid; '5rit=]btl
33%; mp 216°-218° C. *H NMR. (DMSO-d,) 6: 10.96 (s,
1H), 10.60-10.50 (bs, 1H), 9.28 (s, 1), EL.ZZEH* (s, 1H)., 8.17
(d., 1H), 7.62 (dd, 2k [“ 7.2 (m, 4H); MS m/e (M™) 290.1.
l-(3-Hydroxy-2-pyridvimethylene)-4-(<d,0-
dime tl]‘y Iphenyl )ciJ.clazzltlf=<,¢11 boxamide. This compound was
prepared by the general procedure. T ]JJ“ product was a brown
solid; vield 87%; mp 243°-248° C. "H NMR (DMSO-d,) b:
10.81 (s, 1HD, 10.40--10.30 (bs., 1H), 8.53 (s, 1H). 8.27 (s,
1H), 8.16 (d, 1H), 7.33 (m., 2H) ] 7.10 (s, 3H), 2.20 (s, 6H);
FAL t]\x[‘ m/e (M+1)" E'Ei.)
1-(3-Hydroxy-2-pyridymethylene)-4-(2,6-
difiuorolphenyldiazanecarboxamide. This compound was
prepared by the general procedure. The product was a brown

s solid; vield 36%; mp 238°-240° C. "H NMR (DMSQO-d,) o:

11.06 (s, 1HD, 10.05-10.15 (bs, 1H), 8.88 (s, 1H). 8.31 (s,

1), 8.18 (s, 1H), 7.35 (my, 3H), 7.18 (rn, 2H); MS m/e (M™)

292,
1-(3-Hydroxy-2-pyridylmethylene),,-(2-ethoxyphenyl)

) diazanecarboxarmide. This compound was prepared by the

general procedure. The product was a brown SHE)l]JEl yield
58%; mp 197°-198° C. '"H NMR (DMSO-ds) &: 11.14 (s,
1H), 10.70- ll .90 (bs, 1H), 8.73 (s. 1H), 8.27 1kh. 1ED), 8.15
(1, 2HD, 7.32 (m, 2H), 7.05 (,rllﬂ..h!]E]:), 4.13 (q. 2H), 1.45 (t,
.Jilnlyi, MS .lljuﬂf (M™) 3¢ )[). 2.
1-(3-Hydroxy-2-pyridylmethylene )-2-(4-fluorophenyl)
diazane. This compound was prepared by the }E{E‘llt‘l'ﬂ[l pro-
cedore. The [Ju"cnilelt,i was a red solid; yield 76%; mp
260°-264° C. (dec). 'H NMR (DMSO- thgh) o: 1z ..l.El--.l’EL;I!fi
(bs, 1H), 12 {]' ( 1HD), §.24 (d, 1H), 8.12 (x, 2H), 7.60 (m,
1H), 7.6% (m, 2 E][) 1.20 (., 2H ); MS m/fe (IM™) 231.1.
1-(3-Hydroxy-2-pyridylmethylene)-4-(3-nitrophenyl )
lElliﬂLEHELrlf‘lg:lI1t}();EaHUf[]]iElE; This compound was prepared by the

.. general procedure. The product was a brown solid; yield

73%; mp 223°-225° C. 'H anﬂ. (][]r MSO-dg) 8: 11.11 (s,
1H), 10.50-10.30 (bs, 1K), 9.6% (s, 1H), 8.62 (s, 1H), §.33
(s, 1HD. 8.20 (s, 1H), 8.19 (d, ]L]H ).. 7.97 (d, 1H), 7.88 (m.
1H). 7.61 (m, 2H); MS m/e (M) 300.1.

]---[.av-]EiLjftjlfiluﬁhjf--;.r-]gﬁ}ﬁ[]LEl]ﬂﬂtl]luf:1]tlji]uhtllf:J--44L-4k41"-IZE[WEIIIJbEJIJJHbE:Il]iﬁl:l
diazanecarboxamide. This compound was prepared by the
general proc E‘(]lljft‘ The product was a brown solid; yield
01%:; mp 274° C. (dec). *H NMR (DMSO-ds) &: 10.95 (s,
1H), 10.45--10. l‘r 5 (bs, 1H), 9.29 (s, 1H), &.. i(]' (5, 1H), 8.19
(d, 1HD, 7.50 (dd, 4H), 7.33 (m, I!]E] ) MS m/e (M+1)" 335,

1-(3-(N N-Dimethylcarbamoyloxy)-2-pyridylmethylene)
-4-(2,6-dichlorophenyl)diazanecarboxanide ((eneral Pro-
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cedure for the Synthesis of Pyridine Carbamates). The
synthesis of pyridine carbamates was carried out according
to ]”I[iLF[' edures by Powers et al. ( l'fiiin{) A solution of 500 myg
(1.5 mmol) of I-(3-hydroxy-2-pyridylmethylene)-4-(2,6-

dichlorophenyl)diazane carboxamide and 1.65 g (15 mmeol)
ot dimethylcarbamyl chloride in 15 rol. of pyridine was
allowed to stir for 14 h at room temperature. The reaction
mixture was poured over crushed ice and the white solid
which formed was washed thoroughly with water to remove
the excess pyridine; yield 280 mg (479%); mp 225°-2209° .

J-F [ -

H NMR (DMSO- (i 0 11,17 (s, 1HD), 8.53 ( d, 1H), 8.16 (s,
1H), 8.12 (5, 1H). 7.7 (d, JL]E] ) 1.5 [11 2H), 7.4 (dd, 1] E]f) 7.3
(t, 1H), 3.0 (s, 3H), 2.7 (s, 3H); MS m/e (M™) 395.2.
1-(3-(N.N- ][JhLllnuf~t11*yflc,¢111t1¢111cut>1p]lt> 2y )-2-pyridylmethylene)
-4-{4-methoxyphenyl)diazanecarboxamide. This compound.
was prepared by the g:1=1nu='r:1] procedure and collected as a
brown solid; wield 57%: mp 146°-152° C. 'H NMR
(DIVINO- 1ELE,) O: 10.91 1Lh., 1H), 8.52 (d, 1H), 8.34 (s, 1H), i 09
(s, 1H).7.67 (d, 1H), 7.46 (m, 3H), 3.73 (s, 3H), 3.08 (s, 3H),
2.85 (5, 3H); MS m/e (M+1)" 358.
1-{3-(N,N ~Dimethylcarbamoyloxy)-2- pyridylmethylene)
-2 "’ A,0.richlorophenyl)diazine. This compound was pre-
;[J:i]:f,ti. by the general procedure. The crode product recrys-
tallizes from ethanol or methanol into a fluffy vellow solid;
yield 58%; mp 145°-147° C. "H NMR (DMSO-d,) §: 8.62
(d, 1H), 7.84 (d, 1H), 7.68 (s, 2H), 7.67 (dd, 1H). 7.47 (s,
1H). 3.14 (s, 3H), 2.95 (s, 3H); MS m/e (M+1D" 387,
1-(3-(N N-Dimethylcarbamoyloxy)-2-pyridylmethylene)
-4-(4-chlorophenyl)diazanecarboxamide. This compound
was prepared by the general procedure except that the crude
product was dissolved im hot ethyl acetate, concentrated in
vacuo and collected as a brown solid; 5r1<=]lcl 36%; l]JqF)
170°--175° C. "H NMR. [] IMS0-dg) o: 11.02 (s, 1H), 8.82 (s,
1H), 8.52 (d, 1F [ ), 8.12 (s, 1H), 7.68 (m, 3H), 7.47 (dd, 1H),
7.37 (dd, 2H), 3.14 (s, E]E]:}, 2.96 (s, 3H); MS m/e (M+1)"
302.
1-(3-(NN-Dimethylcarbarnoyloxy)-2-pyridylmethylene)
-4-(2,6-dimethylphenyDdiazanecarboxamide. This corm-
pound was prepared by the general procedure, The product
Was :a.'l::ncrxafll olid: vield J'E;‘;t?, mp 215°-217° C. '"H NMR.
1']'1 WSO-dg) & 10.97 (s, TH), 8.52 (d, 1TH), 8.10 (s, 1H), 7.73
(s, 1E), 7. rt) {1E[ 1HD), 7. fll]rih]]]l, 1H),7.11 (s, 3ED), 3.00 (5, 3H),
271 (s, .5][] ); MS /e (IM™) 355.-

-) Aot

L-(3-(NN-Dimethylcarbamoyloxy)-2-pyridylmethylene)
et This com-

1“
W)

L O-difluorophenyldiazanecarboxamide.
pound was prepared by the general procedure. '][1r1f= product
is a white solicl; yield 70%; mp 166°-169° C. '‘H NMR.
(DMS0-dg) &: 11,17 (s, 1H), 8.53 (d, 1H), 8.13 (d, 2H), 7.70
(d, ]L]El ), 749 (m, 1H), 7.40 (m, 1H), 7.21 (m, 2H), 3.07 (5.
3H), 2.84 (s, 3H); MS m/e (M™) 363.1.
1-(3-(N,N-Dimethylcarbamoyloxy )-2-pyridylmethylene)
-4-(2-ethoxyphenyl)diazanecarboxamide. This compound
was prepared by the general procedure. The product is a
white solid; vield 70%; mp 166°-169° C. *H NMR. (DMSC-
de) O: 11.15 (s, 1H), 8.89 (s, 1H), 8.50 (d, 1H). 8.13 (m, 2H),
1.770 (m, 1H), 7.50 (m, 1H), 7.00 (m, 3H). 4.17 (na, 2H), 3.14
(s, 3H), 2.96 (s, 3H), 1.43 (m, 3H); MS m/fe (M+1)" 372
1-(3-(N,N-Dimethylcarbamoyloxy)-2-pyridylmethylene)
--{4-fluorophenyl)diazane. This compound was prepared
by the general procedure except that the crude material was
washed three times with 50 mlL. of water and 50 mlL of ether,
and then dissolved in acetone. The acetone was concentrated
in vacuo until the product crystallized in the form of brown
prisms; yield 24%; mp 165°-167° C. "H NMR (DMSO-d,)
5: 10.63 (s, 1H), 8.45 (d, 1H),7.91 (s, 1H), 7.59 (d, 1H), 7.33
(m, 1H) 7.13 (m, 2H), 7.01 (m, 2H), 3.10 (s, 3H), 2.94 (s,
3H); MS m/e (M+1)" 303.
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1-(3-(N,N-Dimethylcarbamoyloxy)-2-pyridyvlmethylene)
~d-(3-nitrophenyl )iilqainaL[lfit,:i] boxamide. This compound was
prepared by the general procedure. The product was washed
thoroughly with 100 ml of ether and 100 mL of water and
collected as a white solid; yield 20%; mp 195° C. "H NMR.
(DMSQO-d,) &: 11.21 (s, 1H), 9.47 (;5, LH), 8.68 (s, 1HD), 8.52
(cl, 1F), 8.17 (s, 1H), 8.03 (d, 1H), 7.8% (d, 1), 7.72 (d, 1H),
7.59 (m. LHD), 7.50 (m, 1H). 3.11 (s, 3H), 2.90 (s, 3H);
FABMS m/e (M+1)" 373.
1-(3-(N,N-Dimethylcarbamoyloxy)-2-pyridylmethylene)
-4-(4-bromophenyl)diazanecarboxamide. This compound
was prepared by the general procedure and collected as a
white solid; yield §9%: mp 176°-1 7':'“‘1E" "H NMR. (DMSO-
dg) o: 11,03 (s, 1LH), 8. 58 (s, 1), 8.52 (d, 1H), 8.13 (s, 1H).
749 (m, 2H), 7.46 (m, 4H)., 3.14 (s 1 s, 3HD, 2.88 (5, 3H); MS
mJe (,ﬁii.*_) 4035,

EXAMPLE 20

I-(1-Methyl-3-(N,N-dimethylcarbamoyloxy)-2-
pyridylmethylene)-4-(2,6-dichlorophenyl)
diazanecarboxamide Iodide (4 Eihf-[1t=:.aLl Procedure for the Syn-
thesis of Pyridine Methiodides). The synthesis of pyridine
methiodides was carried acc t_nrtijttlgﬁ to the following proce-

dure. A solution of 3 gr (9 mrmol) of 1-( 5 (NN~
Dimethylcarbamoyloxy)-2-pyridylmethylene)-4-( 2,6-
1ftlIH1]]JEl[1Hq[)1]JE]ELjF]n)(iJchchL[lfiI,il]Tll1‘L!L:llllﬂl[1t,j 0.39 ¢ (45 mummol) of
iodomethane, and 25 ml. of DMF were sealed in a glass
pressure tibe and heated for 36 h at 65° C. The crude
methiodide was isolated by evaporation of the DMF under
reduced pressure and trituration of the residue with a 2:1
mixture of acetone and ether. The crude product was recrys-
tallized from. ethanol and ¢ _i|]1=J:1tE‘(1 As orange prismms; 5?1<=]hcl
0.69 g (19%); mp 132°-140° C. '"H NMR (DMSO-d,) &:
11,78 (s, 1K), 9.08 (tj., 1H), 8.86 (s, LH), 8.58 (d., 1H). 8.24
(s, 1H); 8.15 (dd, 1H), 7.60 {d, 2H ), 7.50 (dd, 1H), 4.54 (s S,
3H),3.13 (s, 3H); 2.95 (s, 3H); FABMS m/e (M™) 410, Anal.
caled, for O H NO,CLLH,O: C, 36.71; H, 3.62: N,
12.59. Found: C, 36. l‘ra’ H, 3.62; N, 12.51.

EXAMPLE 21

1-(1-Methyl-3-(N.N-dimethvlcarbamoyloxy)-2-
pyridylmethylene)-4-(4-methoxyvphenyl)
diazanecarboxamide Iodide. This compound was prepared
by the general procedure. The crude methiodide was pre-
cipitated by the addition of acetone, recrystallized from
acetonitrile, and collected as orange prisins; yield S6%; mp
192°-194° C. 'H NMR (DMSO-d,) &: 11.58 (.s 1H), 9.1 (d.
1H), 879 (5. 1H), 8.55 (d, 1H), 8. ] 8 {m, 2H), 7.46 (ti ., 2H),
0.89 (d, 21H), 4.51 (s, 3H), 3.73 (s, 3H), 3.09 (5, 3H), 2.92 (5.
35 FABMS m/e (M) 372.2. Anal. caled. for CoH,,N0,I:

C, 43.29; H, 4.44; N, .laiL.(]uEL. Found: €, 43.16; H, 4.47; _[hI,
14.03.
EXAMPLE 22

l-(1-Methyl-3-(N,N-dimethylcarbamoyloxy)-2-
pyridylmethyiene)-2-( 2 =1 O trchlorophenyl)diazine Todide.
This compound was prepared by the general procedure. The
crude methiodide was precipitated by the addition of
acetone, recrystallized from ethanol, and collected as vellow
needles; yield 90%; mp 198°-200° C. ‘H NMR (DMSO-d,)
5:11.22 (s, 1), 8.87 (d, 1H), 8.41 (d, 1H), 8.39 (s, 1FD, 7.94
(dd, 1H), 7.85 (s, 2H), 4.3 (s, 3H), 2.89 (s, 3H), 2.83 (s, 3H):
FABMS m/e (M™) 401, Anal caled. for C, H, N0 CLIL C,
36.28; H, 3.04; N, 20.08; 1, 23.96. Found: C,

aathy I, 10.57; ‘C‘L
36.35; H, 3.07; N, 10.53; Cl, :21:[.[]¢1ﬁ; I, 29.91.

BXAMPLE 23

L-C1-Methyl-3-(N,N-dimethylcarbamoyloxy)-2-
pyridylmethylene)-4-{4-chlorophenyl)diazanecarboxamide
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fodide. This compound was prepared by the general proce-
dure except that the crude methiodide was recrystallized
from boiling methanol and collected as brown needles; yield
75%; mp 181°-183° C. *H NMR (DMSO-dg) &: 10.63 (s,
1HD), 8.04 (s, 1H), 7.98 (d., 1H). 7.55 (d, 1H), 7.11 (m, 2H),
6,57 (d, 2H), 634 (d, 2H), 2.02 (s, 3H), 1.87 (5. 3H), 1.45
(s, 3H); FABMS m/e (M") 376. Anal. caled. for
C-H (NSO, CIL C, 40.53; H., 3.80; N, 13.90; Cl, 7.04; 1,
25.20. Found: C, 40.64; H, 3.82; N, 13.91; C1, 7.01; I, 25.09.

EXAMPLE 24

1-(1-Methvl-3-(N,N-dimethylcarbamoyloxy)-2-
pyridvlimethylene)-4-{2,6-dimethylphenyl)
diazanecarboxamide lodide. This compound was prepared
by the general procedure except that the crude methiodide
was precipitated by the addition of 20 ml. of ethyl acetate
and 100 mlL of water to the crude residue. The product was
recrystallized from methanol and collected as orange prisms;
yield 23%; mp 214°-217° C. "H NMR (DMSO-dg) &: 11.71

(s, 1H), 8.99 (d, 1H). 8.58 (d. 1H), 8.40 (s, 1H), 8.31 (s, 1H) ~

8.23 (m, 1H). 7.12 (s, 3K, 4.54 (s, 3H), 3.12 (s, 3k, 2.93
(s, 3H). 2.19 (s, 6H) FABMS m/e (M™) 370. Anal. caled. for
CoH, NJOLL: C, 30.36; H, 3.22; N, 932, Found: €.,
30.68; H, 3.15:; N, 9.36.

EXAMPLE 25

1-(1-Methyl-3-(N,N-dimethylcarbamoyloxy)--2-
pyridymethylene)d-(2,6-difluorophenyl)
diazanecarboxamide Iodide. This compound was prepared
by the general procedure except that ice was added to the
residue to precipitate the crude methiodide. The product was
recrystallized from ethanol and collected as ared solid: yield
21%: mp 115°-118° C. 'H NMR (DMSO-dg) o: 11.79 (s,
1H), 9.01 (d, 1H), 8.68 (s, 1K), 8.60 (d, 1H), 8.34 (s, 1H),
8.22 (m, 1H), 7.50 (m, 1H), 7.22 (m, 2H), 4.5 (s, 3H) 3.12
(5. 3H), 2,95 (s, 3H); FABMS m/e (M™) 378. Anal calcd. for
C . H, N O,IF, HI: C, 32.24; H, 3.02; N, 11.06. Found: C,
32,07 H, 2.88: N, 10.83.

EXAMPLE 26

1-(1-Methyl-3-(N,N-dimethylcarbamoyloxy)-i-
pyridylmethylene)-4-(2-ethoxyphenyl)diazanecarboxamide
lodide. This compound was prepared by the general proce-
dure except that the crade methiodide was precipitated by
the addition of ice to the residue. The product was then
recrystallized from methanol and collected as yvellow prisms;
yield 91%; mp 194°-196° C. *H NMR (DMSO-dg) 8: 11.86
(s, 1HD, 9.03 (d. 1H), 8.61 (d, 1H), .49 (s, 1H), 8.23 (s, 1K),
.13 (m, 2H). 7.05 (m, 2H}, 6.98 (m, 1H), 4.52 (s, 3H), 4.13
(q, 2HD, 3.07 (s, 3H), 2.92 (s, 3H), 1.35 (1, 3H); FABMS m/e
(M) 386. Anal. caled. for o, NI C, 42,460, H, 4.50;
N, 13.03. Found: C. 42.64; H, 4.59; N, 13.04.

EXAMPLE 2

1-( ]L--IDviIf:itlJLjfil--ili--(:]FJ',]TQI--thi:r11JE:1:t1j5']L::;aylrlarEt]t[lu:u:ghl+z1:s;jy')|-ﬁi!--
pyridylmethylene)-2-(4-fluorophenyl)diazane Jodide. This

compound was prepared by the general procedure except

that the crude methiodide was precipitated by ice. The
product was then recrystallized from. ethanol and collected
as red prisms; yield, 94%; mp 265°-267° (. "H NMR
(DMSO-d) 8: 11.87 (s, 1H), 8.92 (d, 1H), 8.40 (d, 1H), 8.04
(s, 1TH). 7.95 (dr, 1H), 7.2 (m, 4H) 4.42 (s, 3H), 3.00 (s, 3H),
298 (s, 3H); FABMS m/e (M) 317. Anal calcd. for
C, oH, O N FLOSH,O: C, 42.39; H, 4.22; N, 12.36. Found:
C, 42.25; H, 4.22: N, 12.32.

56
EXAMPLE 28

1-(1-Methyl-3-(N,N-dimethylcarbamoyloxy)-2-
pyridylmethylene),~(3-nitrophenyl)diazanecarboxamide
Todide. This compound was prepared by the general proce-
dure except that ice was used to precipitate the crude
methiodide, The crude product was then dissolved i hot
acetone, filtered and refrigerated. The analytically pure
product was collected as a yellow solidy yield 25%; mp
200°-202° C. *H NMR. (DMSO-d,) 0: 11.84 (5, 1H), 9.52 (s.
1H), 9.07 (4, 1H), 8.64 (d and 5, 2H), 8.22 (m, 2H), .05 d.
1¥D), 7.94 (d, 1ED), 7.63 (dd 1H), 4.54 (5. 3H), 3.0 (s, 3H).
2.94 (s, 3H) FABMS m/e 387. Anal. caled for C,,H, O NI
C, 39.70: H, 3.72: N, 16.34. Found: C, 39.92; H, 3.80; N,
16.13.
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EXAMPLE 29
I-(1-Methyl-3-(N, N-dimethylcarbamoyloxy)-2-
pyridylmethylene)-4-(4-bromophenyldiazanecarboxamide
oo lodide, This compound was prepared by the general proce-

dure except that ice was added to the residue to precipitate
the crude methiodide. The crude product was recrystallized
from hot methanol and collected red prisms; yield 86%; mp
202° C. "HNMRE (DMSO-d,) 0: 11.70 (s, 1H), 9.05 (s, 1H),
e 03 (d, LHD), 8.62 (d. 1H), .15 (m, 2H), 7.58 (m, 4H), 4.52
= (5, 3H), 3.16 (s, 3H), 2.93 (s, 3H); FABMS m/e (M™) 420,
Anal caled for Ci,H o NOLBxl: C, 37.24; H, 3.49; N, 12.77.
Found: C, 37.42; H, 3.59; 12.60.

TABLE 1
30

Kinetic Constzots for the Reversible Tnhabition of Elactric Bel aad
e Human Erythroeyte Acetylcholinesterase,
K (eel) K (burnan) ICsq (eel)  1Cs (haman)
compd UM vl L) uM
3 5’ -------------- AR ANENNENEEEEEEEEEEEEEEE NN NEEEEEEEEN EEEANENEE Y
g 40 1.00) 100 175
1b 500 GO0
1o NI NI*
Lct 400 >3500
le 40 >300
1 NI NI
1 3a 325 300
3b 30, 3400 240
4b 85 100
52 10 20
5b ¢ < 40 b}
43 aNI, no inhibition at concentrations up fo 1 mM.

®Two distinect KI's with eel ACHE, multiple binding with both enzynies.
“Mudtiple binding observed, only 1C., values deterrrined.

TABLE II

S0

Kinetie Constants for the DIrreversible Inhibition of Electric Hel and
e Erythrocyie Acetvlcholimesterase. .
kol [I] (eel) k. /T1] Chumaan) Ky (eel)
: compd -+ (M s™) (M s (LMD
R ——— T — O — R —— -
o, 1700 6E000 INT*
2l %70 1.100 N
P/ 5000 =1 10000 N
4a, 25 2200 100
Pyrt 580¢ 130600 NT®
&0 Phyyd 140000" 1.SH2600 NT®

"W, mot tested (inhibition half-life is too short to measure accurately);
Prygricdostigmine; ’
K/ [1] == 843 M~ §7 (Porsberg, A. and Puu, G., Bur. J. Biocher, 1984, 140,
153.);

. Physostigmie;

0O k1, /1] == 18500 M™ s (Forsberg, A, and Puu, G, Bur I Biochern. 1984,
1440, 153.).
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TABILE III

In Vivo Evaluation of Pyridinium Derivatives as Intramuscular
Pretreatrnent Acents Against (GD in Mice,

- O O O N Y N e s O O B L ------------------ 1 P I I O O ' O I O O ol

| I YOS time*  dose
compd (mmol’kg) (min)  (mmolky) % survival
Ia 180 15/60 3.0-45 15--20
1b >380 15/60 22 O/10
1d 320 15/60 6.0 10720
le =760 15/60 320081 40/10

1f 410 15460 310577 30/20
1p 314 L3/60 165260 10420
2a 0.5 LS760 0.00E-£),14 $80-5x)
2b 22 15. (.30 90 '

1.4
5.4
0.30-5.4
0.005-0Q,11
Q.0
37

1350
1.375.2
0.017-0.28
0.013--0.215
0.2 |
0.6

G0
30
({--70)
50--70)
(/A0
A0/ T0
50/0
020
40--70V30--40
20--4C/10--30
50790
807100

60
15760
15/60

20
2d

4
600

b >0 L5760
3¢ 85 60) 15/60)
3d s} 30 L&/60
da > 1240 15760

2.3 80780
4b 2 1S 0.65 90
2. Q0
11 40
4b 60 0.62-11 TO-2()
Ja 6 1360 18--25¢) ‘T0--100/20--70
3b GII0 15460 0.6 40/ 20

24 100/ 30

896 100100
*Coropounds were tested at two different time intervals to allow for differ-
ences 10 bioavailabi lity;
"Three different doses were tested, only one dose is recorded for inactive
compounds.

TABLE [V

In Vivo Evamation of Pyridiniun Derivatives as Oral Pretreatment
Agents Against G i Mice,

ottt P T e T e o e T ——
LDy, time® dose®
corrgpd Cremnol/log) (1min) (oamolfkg) % survival

1b 3000 30/120 6 30470

lc 320 30/120 2000 /50

2a 220 30/120 34 Q080
2b 490 307120 120 G0/ 100
2 140) 30/120 2.2 1LOV1O0
4b 670 30/120 10 FOA1LO0
Hal 2500 30/120 130 4050

HIEEEEEEEEEEE NSNS AN NN NN RN

"Compounds were tested at two different time intervals to allow for dif¥er-
ences in bioavailability; #bree different doses were tested, only one dose is
recorded for nactive compounds.

TABLE V

LD, close
comp Croonoo 17k g) (o lkg) %0 survivall

1a 180 2.8 20
Ib >880) 5.6 20
1d 320 40 20
le >760) Py 0
1f >610) 12 0
1g >514 15 0
2a 0.5 0.005-0.14 3050

20

25

30

4()

45

30

55

60)

O3

TABLE V-continued
In Vivo Evaiuation of Pyridinium Derivatives as Reactivators Against
-------------- ---.---i---------------------E;E!gL;tELéEﬁ[iEEE=----------------------I---I----.----------l
LDgy close™
compd (oo Mkgr) (mrool/kg) O6 strvival

2b 22 .33 20
L. T0
5.4 60

e e 1.3 20

%a =1 1060 27 50

110° 70

430" 00

6.8 20

54 {

430 70

3 40 1.3 10

3c 560 .23 10

3d =430 0.215 20
4a Q.6 0.2--2.3 D=5
4 ) 0.65--11 3050
Sa w70 18-280 7090

Sk 330 6
24k 40
a6 o)
2-PAMICI £53 53 0
HI-6 4500 2801125 - 100
Mhree dfferent doses were tested, oniy one dose is recorded for inactive
comnpounds;
Padjunct efficacy test, see text for details.
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TABLE VI

II-IIIIIIIIII.IIIIII....l.-Il.IIIIIIIIIIIIIIIIIll.......-II-II.IIIIIIIIIIII....-.-'..IIIIIIIIIIIIIIIIIIIIIIII.II
In Vive BEvaiuation of Pyridiniun Derivatives as Reactivators Against

----------------------------------------------------------------------------------------------------------

LD, daose
compd (el ) (rmol/Toe 9 survival®
e 1970 30 O
Lt 2100 33 W
lg >3 1.0 L5 O
2a 0.5 (.00 30

¢ 84 0.005 20
4a 0.6 0.60) 20
4b 670 2.0 )
5a 70 18 i)
T3 80

290 )

5b 380 6 14

2 0

96 80
YIhree different doses were tested, only one dese is recorded for inactive
compounds.

What is claimed is:
1. A compound of the group consisting of the fornwlas:
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and amy counterion to make pharmaceutically acceptable
salts, wherein
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7. is selected from the group consisting o nf ¢ alkyl, Cy g
alkyl with. an attached phe rlsr] group, C, o alkyl with an
attached naphthyl group, C, s alkyl with two attached
phenyl groups, C,  alkyl with an attached phenyl
group mono, di, or teisubstituted with I, C, ¢ alkyl with
two attached phenyl groups mono, di, or trisubstituted
with J, C, . alkyl with an attached naphthyl group
mono, di. or trisubstitated with J,

wherein J is selected from the grc iLI[J' cons isting of
halogen, COOH, OH, CN, NO,, NH.,, C, 4 alky yl, C, ¢
alkoxy, C,. alkylamine, C; ¢ aHLlliay.[ '[ i----J(ZII e O
alkyl-Oe-CO—NH-~—, C, o alkyl-WH-—CO-—-NH-—,
'("‘] & alkyl-NH—COmommy 1 o alkyl-INH-e C O,
(C g alkyl}, Nt 0o,

wherein X is selected from the group consisting of OH,
C,.6 alkyl-NH-—CO—0—, (C, ¢ alkyl),~-IN—CO—
O, C,. ¢ fluoroalky lx-.t~[]E][ ----- COm Qe (C. 6
fAuoroalkyl),-NH--—-CO-—--—,

Y is O or S,

wherein R., is
pentafluorophenyl, phenyl monosubs :t11tlll42ahl with K,
phenyl disubstituted with K, phenyl trisubstituted with
K, and naphthyl,

wherein K, is selected from the group consisting of H,
Cy .6 ELl]i”jf] phenyl, pentafluorophenyl, phenyl mono, di,
or trisubstituted with K, C, ¢ alkyl with an attached
phenyl group, C, _ alkyl with an attached phenyl group
mono, di, or trisubstituted with K,

wherein K is selected from the group cons isting of
halogen, COOH, OH, CN, N()., "'J H., C, ¢ alkyl, C, .

:tiletnlullmuantf,(i. qﬂullijf]L, .6 alkoxy, C, ¢ alkylamine C, 4
alkyl-O-——--COQwm, C,_ s alkyl-Q-—CO—-NH---, l:j'l &
Ell]k"s?l NH--CO—NH-—, C, alkyl-NH-—-CO— T
C,.¢ alkyl-NH—-LO—, (C,_¢ alkyD,N—C—

wherein B is selected from the group consisting of ]Elq,itﬁfl_JE;
allkyl. |

selected from the group consisting of

r
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2. A compound selected from the group cons

61

isting of:

(a) 1-{1-methyl-3-(WN,N-dimethylcarbamoyloxy)-2-
pyridylmethylene)-4-(2,6-dichlorophenyl)
diazanecarboxamide iodide,

(b) 1-(1-methyl-3-(N,N-dimethylcarbamoyloxy)-2-
pyridylmethylene)-4-(4-methoxyphenyl)
diazanecarboxamide iodide,

(¢) 1-(l-methyl-3-(IN,N-dimethylcarbamoyloxy)-2-
pyridylmethylene)-2-(2,4,6,trichlorophenyl)diazine
iodide,

(d) 1-(l-methyl-3-(N . N-dimethylcarbamoyloxy)-2-
pPYr lIEI ylmethylene)-4-(4-chlorophenyl)
diazanecarboxamide 1odide, |

(¢) l1-(l-methyl-3-(IN,N- ltli“rll1=ft1hr§z1[<::aJr1:nzlljrltjﬁjr][:):ﬁ:jﬁf)--Sln-
pyridylmethylene)-4-(2,6-dimethylphenyl)

~ diazanecarboxamide lodide,

(f) 1-(1-methyl-3-(N,N-dimethylcarbamoyloxy)-2-
pyridylmethylene)-4-(2,6-difluorophenyl)
diazanecarboxamide iodide,

(g) I- [ L-methyl-3-(N N-dimethylcarbarnoyloxy)-2-
pyridylmethylene)-4-(2-ethoxyphenyl)
diazanecarboxamule it)(iJitlf

(h) 1-{l-methyl-3-(N N-dimethylcarbamoyloxy)-2-
pyridylmethylens)-2-(4-fluorophenyl)diazine 1odide,

(1) 1-(1-methy]-3-(N,N-dime t]]tjF]L(:i]JE]”IcLJJEl(]ij?]L(]'Fu‘i Jmdm
pyridylmethylene)-4-)3-nitrophenyl)
diazanecarboxamide : iodide.

(i) 1-(1-methyl-3-(N,N-dimethylcarbamoyloxy )-2-
pyridylmethylene)-4-(2,6-dichlorophenyl)
diazanecarboxanuide l(]tijltlf:,. ;11111l

(k) 1-(l-methyl-3-(N N-dimethylcarbamovloxy)-2-

pyridylmethylene)-4-(4-bromophenyl)

diazanecarboxamide 1odide.
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